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Executive Summary 
 
Introduction 
Obesity is a significant public health issue.  The burden of obesity has become so great 
that in 2010 overweight and obesity caused 3.4 million deaths, 3.9% of years of life 
lost (YLL) and 3.8% of disability adjusted life years (DALYs) worldwide (1).  It has 
recently been estimated that the worldwide economic impact of obesity is USD2 
trillion (2). Faced with this obesity epidemic, the governments of many countries 
around the world are investing in preventative strategies to improve the diet and 
physical activity (PA) levels of populations.  “Upstream” interventions that are 
predominantly outside of the health sector are now being recognised as important in 
addressing sociocultural, economic, political, environmental and social moderators 
and drivers of obesity (3).   
 
The sheer magnitude of the obesity crisis means that society’s scarce resources should 
be directed towards the most effective and cost-effective obesity prevention 
strategies.  However, relatively little evidence on the effectiveness and cost-
effectiveness of “upstream” interventions exists to support decision-making.  There is 
significant need for more information on both the effectiveness and cost-
effectiveness of population level interventions for obesity prevention. 
 
Context of the research 
This research forms part of the work of Stream 1 of the National Health and Medical 
Research Council (NHMRC) funded Centre for Research Excellence (CRE) in Obesity 
Policy and Food Systems.  The aim of Stream 1 of the CRE is to examine the most 
effective, cost-effective, affordable and implementable non-health sector policy 
options for obesity prevention.   
 
This PhD takes one of the non-health sectors identified by the CRE as potentially 
important in addressing the obesity epidemic, namely the transportation sector, and 
explores the role, impact and cost-effectiveness of transport interventions as obesity 
prevention measures.  Active transport (AT), defined as walking, cycling or use of 
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public transport (which normally involves an active component at journey beginning 
and end), offers the potential to influence population health by influencing rates of 
incidental PA.  The research undertaken in this thesis was conducted between March 
2014 and April 2017.  The PhD was supported by a scholarship from Deakin University. 
 
Research questions 
Two overall research questions are addressed by this thesis: 
RQ1 What is the role and potential impact of transport interventions in 
obesity prevention? 
RQ2 Can transport interventions be considered cost-effective as obesity 
prevention measures? 
 
The following minor research questions are answered by this thesis: 
RQ1: Role and potential impact of transport interventions in obesity prevention  
RQ1.1 What evidence exists in the literature on the impact of transport modal 
choice on obesity?  And if the best available evidence is applied to the 
Melbourne population, what is the potential health impact (in terms of 
health adjusted life years (HALYs)) of a hypothetical increase in AT? 
RQ1.2 What is the current state of AT policy in Australia?   
RQ1.3 What is the potential obesity and transport injury-related health 
benefit of achieving policy goals? 
RQ1.4 What is the potential role and impact of congestion pricing on obesity 
prevention? 
RQ1.5 What is the potential role and impact of traffic calming and safety on 
obesity prevention? 
RQ1.6 What is the potential role and impact of a fuel excise taxation 
intervention on obesity prevention? 
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RQ2: Cost-effectiveness of transport interventions incorporating obesity-related 
health benefits 
RQ2.1 What evidence exists in the literature on the cost-effectiveness of AT 
interventions incorporating PA-related health benefits? 
RQ2.2 What are the budget thresholds, in Australian dollars, for cost-effective 
interventions that achieve Australian AT policy goals, when 
incorporating obesity and transport injury-related costs and 
consequences? 
RQ2.3 Is an AUD0.10 fuel excise taxation intervention cost-effective as an 
obesity prevention measure, from a limited societal perspective and 
compared to a “business as usual” comparator?  
Publications constituting thesis 
 
My PhD is submitted as a thesis by publication.  During my candidature I have: 
• published one co-lead author publication in a peer-reviewed journal; 
• published three lead-author publications in peer-reviewed journals; 
• submitted two lead-author publications for publication in peer-reviewed 
journals. 
A summary of the publications, and the research question they address, is given in 
Table 1. 
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45:190-208. 
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2. Brown, V., Moodie, M., Mantilla 
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Preventive Medicine 96: 49-66. 
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include physical activity benefits.  International Congress on Physical Activity 
and Public Health, Bangkok (Oral presentation). 
 
Findings and significance of the PhD 
Findings from this thesis are presented by publication within six manuscripts.  Paper 1 
consists of a systematic review of economic evaluations of AT interventions that 
incorporate PA-related benefits. Thirty-six studies undertaking a full economic 
evaluation of an intervention that improves rates of AT and considering health 
benefits related to PA were identified from a search of the academic and “grey” 
literature.  Findings from the review suggest that interventions can be cost-effective 
when considering PA-related costs and consequences, with some interventions 
considerably cost-saving.  Only four studies were identified that include the healthcare 
costs and consequences specifically related to obesity prevention, rather than related 
to broader PA-related health outcomes. 
 
Paper 2 demonstrates that published evidence for associations between transport 
modal choice and obesity is currently inconclusive  (29% of published studies report 
expected associations, 33% report mixed associations, 36% report no association or 
no significant association at the 5% level).  The majority of studies reporting 
statistically significant effects report a change of less than one BMI point associated 
with the relevant transport behaviour.  Hypothetical scenario modelling using best 
available evidence from the literature suggests that a 5% increase in active commuting 
in Melbourne, Australia would result in 65 HALYs saved per year (95% UI 48-85).  This 
equates to over AUD760,000 in healthcare costs saved per year (95% UI AUD559K-
AUD982K). 
 
Paper 3 provides an overview of AT policy in Australia and quantifies the obesity and 
transport injury-related health benefits of achieving hypothetical AT policy goals in 
Australia.  This is valuable information for policy-makers involved in priority-setting in 
the health, transportation and environmental fields.  Results suggest the significant 
obesity-related benefits of improving rates of walking and cycling commuting amongst 
the Australian population.  Doubling current rates of cycling would result in 565 HALYs 
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saved per year (95% UI 173-985), with total healthcare cost savings of approximately 
AUD6.6M (95% UI AUD1.9M-AUD11.3M).  Achieving 30% of capital city workers 
commuting by cycling would result in even greater benefits and healthcare cost 
savings (12,105 HALYs saved per year (95% UI 4,970-19,707), $141.2M in healthcare 
cost savings (95% UI 53.8M-AUD227.8M)), although will be a more difficult target to 
achieve.  Doubling current rates of walking would result in 1,187 HALYs saved per year 
(95% UI 523-1,893), with total healthcare cost savings of AUD14M (95% AUD6M-
AUD22.4M).  Achieving 30% of capital city workers commuting by walking would lead 
to 9,003 HALYs saved per year (95% UI 4,035-13,962), with total healthcare cost 
savings of approximately AUD106M (95% UI AUD46M-AUD165M). 
 
Paper 4 represents the first published scoping review of associations between 
congestion pricing schemes and PA and modal shift effects.  Twelve studies reporting 
evidence of modal shift from motor vehicle to AT associated with congestion pricing 
schemes implemented internationally were identified.  Evidence for a PA or modal 
shift effect of congestion pricing schemes is considered weak.  The quality of available 
evidence is also considered to be low. 
 
Paper 5 entails the first published scoping review to summarise the evidence base for 
an association between traffic calming and safety and PA or obesity.  Traffic calming 
and safety is very policy relevant and widely recognised as an important factor in 
encouraging more AT.  The scoping review identified 12 studies reporting associations 
between traffic calming and safety and obesity, and 59 studies reporting associations 
with AT.   Study results demonstrate that despite a coherent and feasible logic 
pathway, our understanding of traffic safety-related variables on AT and the even 
more distal outcome of obesity is limited.   
 
Paper 6 conducts a full economic evaluation of a fuel excise taxation intervention, 
incorporating obesity, PA and transport injury-related health benefits.  Limited 
evidence on the effect of policies such as fuel taxation on health-related behaviours 
currently exists.  Three studies were found reporting associations between fuel price 
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or taxation and obesity, while nine studies reported associations with PA, walking or 
cycling.  Published estimates of cross-price elasticity of demand for public transport 
with respect to fuel price vary.  Modelling results suggest an AUD0.10 per litre increase 
in fuel excise taxation is cost-effective from a limited societal perspective (237 HALYs 
gained over the lifetime (95% UI 138-351), AUD2.6M in healthcare cost savings (95% 
UI AUD1.3M-AUD3.9M), ICER AUD7,702 saved per HALY (95% UI AUD1,366-
AUD22,125)).  The probability of the intervention being cost-saving under 
conservative main scenario assumptions is low (0.8%).  The probability of the 
intervention being cost-saving is much higher under less conservative sensitivity 
analyses.  Significant equity concerns would however need to be addressed in order 
for the intervention to gain public acceptability.   
 
Overall, the PhD thesis represents a set of interlinked studies providing an in-depth 
examination of the role and impact of AT interventions for obesity prevention.  The 
collective findings of the six papers that constitute this thesis demonstrate that AT 
interventions may contribute to improving our obesogenic environments, by way of 
incorporating more incidental PA into our daily lives.  The research also highlights the 
challenges and current research gaps that exist in our understanding of the ways in 
which AT could contribute to reducing the obesity burden across populations.   
 
From an epidemiological perspective the broader findings of this study merely indicate 
the potential impact that improving rates of AT may have on obesity (4), given the 
current state of the evidence.  The potential for cost-effectiveness of AT interventions 
when incorporating obesity-related effects is established, with evidence suggesting 
that some interventions can be considered as cost-saving when incorporating a 
broader definition of health costs and consequences into transport appraisal.  The 
results present a tentative first step towards building the evidence base to allow the 
progression from health impact assessment (HIA) of hypothetical scenarios to more 
practical, in-depth analyses of specific transport policies and programs that might 
improve the health of populations by increasing rates of AT.   
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A better understanding of the wide range of benefits and disbenefits of transport 
policies will allow for the most efficient use of scarce resources from a societal 
perspective.  This will also allow for funding of those policies, projects and programs 
that have broader all-of-government merit.  This knowledge will contribute to a better 
understanding of the effectiveness and cost-effectiveness of “upstream” 
interventions for obesity prevention.  This knowledge also incrementally contributes 
towards a better understanding of the effectiveness and cost-effectiveness of the 
multi-sectoral, structural interventions required to reduce the prevalence of obesity 
across the Australian population. 
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1. Introduction  
1.1 Context of the research 
This research forms part of the work undertaken as part of the Centre for Research 
Excellence (CRE) in Obesity Policy and Food Systems, funded by the National Health 
and Medical Research Council (NHMRC #1041020), 2012-2017.  The CRE aims to 
reduce the burden of obesity and nutrition-related diseases through methods 
development, training, and knowledge exchange on policy actions for creating 
healthy, sustainable, equitable food systems and reversing obesogenic environments.  
The CRE comprises four streams: 
 
Stream 1: Investigating policy cost-effectiveness of non-health policy options to 
prevent obesity 
Stream 2: Investigating policy processes and analyses 
Stream 3: Investigating policy impacts and system changes 
Stream 4: Examining monitoring for accountability 
 
This research contributes to Stream 1 of the CRE, which seeks to examine the most 
effective, cost-effective and implementable non-health policy options to prevent 
obesity.  The knowledge generated will help to inform government decision making 
around the most cost-effective policy options for creating healthy, sustainable, 
equitable food systems and environments that support and encourage physical 
activity (PA).   
 
The goal of Stream 1 of the CRE is to assess up to 40 non-health sector interventions 
for obesity prevention.  The aim of the research for this PhD is to take one of the non-
health sectors identified by the CRE as being potentially important in addressing the 
obesity epidemic, namely the transportation sector, and to explore the effectiveness 
and cost-effectiveness of interventions influencing transport behaviours as obesity 
prevention measures.   
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Transport behaviours have been identified as an opportunistic target for improving 
population PA rates, with a potential impact on body mass index (BMI) and obesity (5, 
6).  Active transport (AT), defined as walking, cycling or use of public transport, offers 
the potential to influence population health by influencing rates of incidental PA.  
Limited evidence currently exists on the effectiveness and cost-effectiveness of AT 
interventions for obesity prevention.  This PhD aims to fill this gap. 
 
The research undertaken in this thesis was conducted between March 2014 and April 
2017.  Candidature was supported by a Deakin University post-graduate scholarship.  
1.2 Scope of the thesis 
The work program of the thesis sits within the larger work program of the CRE in 
Obesity Policy and Food Systems.  The thesis seeks to examine the effectiveness and 
cost-effectiveness of transport interventions for obesity prevention using an applied 
technique, the Assessing Cost-Effectiveness (ACE) approach (7). The thesis contributes 
an in-depth analysis of the application of the ACE methodology to the transportation 
sector.  Whilst the thesis does not critically evaluate the ACE methodology itself, it 
seeks to appraise the potential challenges in the use of the methodology in gaining a 
better understanding of the ways in which transport behaviours might impact 
population levels of obesity.   
 
The thesis uses an economic model developed by CRE colleagues at The University of 
Queensland (UQ).  The thesis adds to the model, by incorporating a transport sector 
specific health outcome (i.e. transport injury) into estimates of health costs and 
consequences.  Given the timeline of the PhD thesis, the inclusion of other transport 
sector specific health outcomes was considered out of scope.  A comparison of the 
findings from the thesis with CRE findings from other non-health sectors was also 
considered out of scope, although this work will be undertaken post PhD completion.   
1.3 Research questions 
Preventive interventions should be both effective and cost-effective to make the most 
preferable use of society’s scarce resources.  The wider objectives that would be met 
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by improving rates of AT contribute to a range of policies, both in the transport and 
non-transport domains (8), and there is an important opportunity for synergistic 
action between sectors (9).  This opportunity requires more and better information 
on which to base preventative strategies that may prove effective and cost-effective 
at the population level.  This thesis seeks to contribute to this body of evidence. 
 
Two overall research questions are addressed by this thesis: 
RQ1 What is the role and potential impact of transport interventions in 
obesity prevention? 
RQ2 Can transport interventions be considered cost-effective as obesity 
prevention measures? 
 
In addition, the following minor research questions are also answered: 
RQ1: Role and potential impact of transport interventions in obesity prevention 
RQ1.1 What evidence exists in the literature on the impact of transport modal 
choice on obesity?  And if the best available evidence is applied to the 
Melbourne population, what is the potential health impact (in terms of 
health adjusted life years (HALYs)) of a hypothetical increase in AT? 
RQ1.2 What is the current state of AT policy in Australia?   
RQ1.3 What is the potential obesity and transport injury-related health 
benefit of achieving policy goals? 
RQ1.4 What is the potential role and impact of congestion pricing on obesity 
prevention? 
RQ1.5 What is the potential role and impact of traffic calming and safety on 
obesity prevention? 
RQ1.6 What is the potential role and impact of a fuel excise taxation 
intervention on obesity prevention? 
 
 
 
24  
RQ2: Cost-effectiveness of transport interventions incorporating obesity-related 
health benefits 
RQ2.1 What evidence exists in the literature on the cost-effectiveness of AT 
interventions incorporating PA-related health benefits? 
RQ2.2 What are the budget thresholds, in Australian dollars, for cost-effective 
interventions that achieve Australian AT policy goals, when 
incorporating obesity and transport injury-related costs and 
consequences? 
RQ2.3 Is an AUD0.10 fuel excise intervention cost-effective as an obesity 
prevention measure, from a limited societal perspective and compared 
to a “business as usual” comparator?  
1.4 Ethics 
The project was granted ethics exemption from the Deakin University Human 
Research Ethics Committee (DUHREC), approval 2016-037.  Exemption was granted 
on the grounds of use of secondary, de-identified data.  
1.5 Structure of the thesis 
The remainder of the thesis is comprised of the following major chapters: 
• Chapter 2: Literature review, including overview of the problem and causes of 
obesity, the economic theory, the role for the transportation sector and 
current evidence for effectiveness and cost-effectiveness of AT interventions.   
• Chapter 3: Methods, including a brief summary of the ACE approach, the CRE 
Obesity Model and methods used to incorporate transportation injury effect 
into the CRE model. 
• Chapter 4: Results, including all published and submitted manuscripts 
constituting the thesis. 
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• Chapter 5: Discussion, including synthesis of publication findings, the 
significance of the research, future research suggestions and conclusions. 
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2. Literature review 
 
2.1 The problem of obesity 
Obesity is commonly defined as abnormal or excessive fat accumulation that presents 
a risk to health (10) and is categorised as a body mass index (BMI, defined as body 
weight in kilograms divided by height in metres2) of 30 or higher.  Overweight (BMI of 
25.0 to 29.9) and obesity increases the risks of many diseases and chronic conditions, 
including coronary heart disease (CHD), ischemic stroke, type 2 diabetes mellitus 
(T2DM), breast cancer, colon cancer, prostate cancer, kidney and gall bladder cancer, 
sleep apnea and osteoarthritis (11-14).  The risk for these diseases increases as BMI 
increases (11).   
 
Obesity is a significant public health issue.  The burden of obesity has become so great 
worldwide that in 2010 overweight and obesity were estimated to have caused 3.4 
million deaths, 3.9% of years of total life lost (YLL) and 3.8% of total disability adjusted 
life years (DALYs) worldwide (1).  Obesity prevalence has risen to alarming levels in 
both developed and developing countries. In Australia, the prevalence of overweight 
and obesity has been steadily increasing over the last 30 years (15, 16).  In 2014-15, 
63.4% of Australians aged 18 years and over were classified as overweight or obese 
(35.5% overweight, 27.9% obese) (17).  Recent epidemiological modelling suggests 
that the prevalence of obesity will increase to 35% of Australian adults by 2025 (18).  
The statistics for Australian children are also alarming, with one in four now estimated 
to be overweight or obese (17, 19).  
 
Overweight and obesity results in financial, economic and quality of life costs that are 
borne by individuals, households, society and the economy.  Several studies have 
examined the direct and indirect costs of obesity (20, 21), with a recent estimate of 
the worldwide economic impact of obesity at USD2 trillion (2).  It has been estimated 
that approximately 1-3% of annual health expenditure in most OECD countries are 
attributable to obesity (22).  Whilst estimates for the total costs of obesity to Australia 
differ in terms of the costs included, they invariably are of a very large magnitude, 
ranging from AUD21 billion in 2005 to AUD58.2 billion in 2008 (23-25).  
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2.2 The causes of obesity 
Overweight and obesity fundamentally occur when energy intake exceeds energy 
expenditure, resulting in energy imbalance (11, 26, 27).  To become overweight or 
obese, energy intake from diet must exceed energy expenditure through PA and 
bodily functions on a regular basis over time (28).  Obesity is however a complex issue 
and has been termed a “wicked problem” that has many interdependencies, is multi-
causal and is not easily defined or solved (29, 30).   
 
Obesity is an outcome of interactions between social, cultural, environmental, 
biological and psychological influences (31).  The Foresight: Tackling Obesities: Future 
Choices project in the UK produced a systems map which graphically represents the 
complexity and multitude of determinants of obesity (32)(Figure 1).  The behavioural 
and environmental determinants of obesity are well-recognised, with the emergence 
of “obesogenic” environments in modern society playing a key role in the prevalence 
of energy imbalance across populations (3, 33).  Obesogenic environments are now 
found in both developed and developing countries, given the abundance and easy 
accessibility of energy dense foods and advances in technology requiring less energy 
expenditure in our everyday lives (34-36).   
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Figure 1: The Foresight Obesity Systems map   
  
Source: Vandenbroeck et al. 2007 (32) 
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2.3 Addressing the obesity epidemic 
Whilst individual and community level approaches to obesity prevention can play an 
important role (37), the sheer magnitude of the problem necessitates that macro level 
approaches aimed at influencing rates of obesity across populations also be adopted 
(38-41). Socio-ecological approaches to the obesity epidemic are required to address 
the contextual factors contributing to the problem and to better support and maintain 
healthy behaviours (39, 42).  Obesity has been termed a “canary in the mineshaft”, 
warning of issues in broader distal and medial environments and requiring 
interventions that address some of the sociocultural, economic, political and cultural 
factors rather than just focusing on proximal determinants alone (43).  
 
The systemic drivers of obesity and factors that influence the obesogenic environment 
are outside the health sector and “upstream” interventions are increasingly being 
recognised for their potential preventative effect (44-46).  Upstream interventions 
focus on macro-level factors that include government policies and the social, physical, 
economic and environmental determinants of health (47). Broader policy 
interventions expose all in the environment to the initiative that is being introduced, 
rather than focusing on individualised preventative efforts, and thus may prove both 
effective and cost-effective across populations (48, 49).  From an equity perspective, 
structural interventions are regarded as more favourable than interventions requiring 
individual agency (50, 51).  Successful interventions that aim to reverse obesogenic 
environments at the policy and environmental level are also largely systemic and so 
are generally more sustainable over the long term (46, 52).  Whilst both micro and 
meso level support is still required to moderate behaviours and physiology, it is 
important that the systemic and environmental drivers and moderators of obesity are 
also addressed (Figure 2)(3).  Insight into the environmental and systemic drivers of 
obesity is however challenging, given that interventions are more likely to be at the 
policy-level and therefore harder to implement and evaluate.  
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Figure 2: A framework for obesity determinants and solutions 
 
Source: Swinburn et al. 2011 (3) 
 
2.4 The role for economic theory 
2.4.1 Economics, health economics and competitive markets 
Economics is the study of how society manages its scarce resources (53).  The field of 
economics attempts to address the basic economic problem that (54): 
• resources are scarce; 
• wants are infinite; 
• given limited resources and unlimited wants, choices must be made about the 
allocation of resources for consumption and production; and 
• from an economic viewpoint, the goal should be to achieve efficient outcomes. 
 
Choice around the use of scarce resources for consumption and production implies 
opportunity cost, or the value of benefits that would have been derived had the 
resource been used in an alternative way.  The concept of opportunity cost provides 
the rationale for economists to examine the use of resources, in order to achieve the 
maximum possible benefit for society (55). 
 
The discipline of economics is divided into two parts, macroeconomics and 
microeconomics.  Macroeconomics is the study of the aggregate level (for instance, 
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economies), whereas microeconomics examines the behaviour of individual entities 
(56). Health economics applies economic concepts to the study of health and 
healthcare (57).  Health economics (and economics more generally) is often seen as 
having two branches (58):  
(1) the positive branch, which is concerned with describing and explaining how 
choices around resource distribution are made; and 
(2) the normative branch, which is concerned with evaluating those choices.  The 
normative branch of the economics of health seeks to determine whether 
there are health policies and programs that are welfare improving.  The 
premise of this PhD thesis, and the work of Stream 1 of the CRE, therefore falls 
into this normative approach.  It should however be noted that debate around 
the positive-normative dichotomy is out of scope of this thesis. 
 
The classical view of economics denotes that people will engage in rational decision-
making in order to maximise their wellbeing (or “utility”), and that without 
government interference the “invisible hand of the market” will allocate resources 
efficiently (59).   Economists define efficiency in terms of (60): 
• Technical efficiency, which is achieved when the maximum possible outcome 
is obtained from given resource inputs; 
• Productive efficiency, the maximisation of outcomes for a given cost, or the 
minimisation of cost for a given outcome; and 
• Allocative efficiency, which is achieved when resources are allocated so as to 
maximise the welfare of society. 
 
Pareto efficiency is achieved when the allocation of resources is such that it is 
impossible to make any individual better off without making at least one other 
individual worse off.  Pareto efficiency is related to the concepts of both technical and 
productive efficiency.  It may not however necessarily result in a socially desirable 
distribution of resources. 
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The necessary conditions for a perfectly competitive market include: 
• That individuals are the best judges of their own needs and make rational 
decisions; 
• There are many buyers and sellers in the market.  Neither buyers nor sellers 
have control over market price; 
• Perfect freedom of market entry and exit exists; 
• Consumers have perfect knowledge, and therefore make informed decisions.  
Sellers have perfect knowledge in regards to competitors; 
• No externalities arise from production or consumption.  An externality occurs 
when the consumption of a good or service by an individual has an effect on 
the utility of another individual. Externalities are the “spillover” effects, and 
can be either positive or negative (61). 
 
2.4.2 Market failure in the market for healthcare 
Characteristics of the market for healthcare mean that several of the necessary 
conditions for a competitive market model fail.  The seminal work by Arrow (62) 
outlined the reasons for market failure in healthcare, including: 
 The presence of uncertainty, both in the incidence of disease and also in the 
efficacy of treatment; 
 Information asymmetries, whereby healthcare professionals have more 
knowledge than patients.  This may result in patients that are more reliant on 
healthcare providers as sources of information and advice than consumers in 
other markets;   
 Imperfect agency, which occurs when the healthcare professional does not put 
the interests of the principal (the patient) before their own interests (the 
agent).  Imperfect agency may lead to supplier-induced demand; 
 The presence of externalities; 
 The potential for market power, arising from factors such as lengthy 
healthcare professional educational and training delays, geographical factors, 
or high costs of capital. 
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2.4.3 The rationale for government intervention 
The rationale for government intervention in the market for healthcare includes the 
existence of market failure.  The predominant reasons for intervention however, are 
related to the desire to reduce inefficiencies and improve social justice (63, 64).  
Equity, derived from the concept of social justice, has been defined by the World 
Health Organisation (WHO) as the “absence of avoidable or remediable differences 
among groups of people, whether those groups are defined socially, economically, 
demographically or geographically” (65).  Access to healthcare is generally seen as a 
universal right.  Most societies believe that because healthcare is entwined with social 
justice and the concept of “need”, it is a merit good.  Government intervention in the 
market for healthcare can remove barriers to access for disadvantaged people. 
 
2.4.4 Government intervention in healthcare 
Government can use a variety of instruments for intervention, including (66): 
• Public provision of goods and services; 
• Transfer programs, where income is redistributed so as to address society’s 
concerns surrounding equity; 
• Regulation, whereby governments influence the allocation of resources by 
establishing rules and regulations; 
• Taxes and subsidies, whereby governments influence demand through 
disincentives (taxes) or incentives (subsidies). 
 
The role for preventive interventions for chronic disease have been well-recognised 
(67, 68).  As previously discussed, the emerging role for non-health sector population 
level obesity prevention interventions has also been recognised (3, 69). The sheer 
magnitude of the obesity crisis means that society’s scarce resources should be 
directed towards the most effective and cost-effective obesity prevention strategies 
(70, 71).  However, very little is currently known in terms of the effectiveness and cost-
effectiveness of upstream preventative efforts for obesity prevention.  
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Given the growing recognition of the health and behavioural outcomes of policy and 
environmental interventions, the relatively low number of economic evaluations has 
been recognised as a prime opportunity for further research (72).  Economic 
evaluation seeks to identify and make explicit the criteria that are applied within 
decision-making frameworks (61).  Economic evaluation of preventive interventions 
can provide decision makers with information regarding cost-effectiveness, assisting 
with the complex task of resource allocation (44). 
 
2.5 The role for physical activity 
Physical inactivity is a modifiable risk factor for many chronic conditions, including 
obesity, coronary heart disease (CHD), cardiovascular disease (CVD), type 2 diabetes 
mellitus (T2DM), breast cancer, colon cancer, hypertension, stroke and depression 
(73-81).  PA is also associated with lower all-cause mortality, with the largest benefit 
accruing in those moving from being physically inactive to active (82).  Debate has 
surrounded the relative contribution of PA as compared to diet in the prevention and 
treatment of obesity, and it is generally recognised that a combination of approaches 
influencing both PA and dietary-related behaviours is required in order to combat the 
high prevalence of obesity (83, 84).   
Physical inactivity is the fourth leading risk factor for deaths worldwide (85), and in 
most countries fewer than half of all adults meet the daily recommended PA 
guidelines (86).  Only 52.8% of Australian adults were classified as sufficiently active 
(>150 minutes of PA in the last week) in 2014-15 (17).  The majority of Australian 
children and young people are also not meeting the daily Australian PA guidelines (87), 
with the recent Active Healthy Kids Report Card giving Australian children a grading of 
D- for overall PA levels (88).  
The determinants and correlates of PA are complex (89-94).   Many factors impact on 
PA behaviours, such as culture, context, environment, age, gender, income and 
education (86, 89, 95), and improving PA at the population level is challenging.  In 
recent years, a paradigm shift in PA interventions has occurred, so that the potential 
health benefits of both sport and fitness approaches and incidental PA approaches are 
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now recognised (96).  Population benefits may be more likely to come from moderate 
intensity PA in many people than from increases in high intensity PA from a few (39).  
By providing an alternative to the more traditional PA domains such as sport and 
fitness, it is hoped that incidental PA may result in small changes in everyday life, with 
the potential over time to see observable reductions in obesity rates (52, 97, 98).  
Synergistic policies in a range of sectors outside of health may have significant 
potential to increase the incidental PA levels of populations (99, 100).  
2.6 The role for the transportation sector 
The transportation sector is increasingly being recognised for its potential impact on 
population levels of incidental PA and public health (101-106). Transport systems can 
strongly influence opportunities to be physically active, both by facilitating AT and by 
enabling people to get to places to be active (107).  The WHO Global Action Plan for 
the Prevention and Control of Non-Communicable Diseases 2013-2020 (108) 
recommends the development of policy actions to promote PA in daily living, 
highlighting the role for AT in improving population levels of PA.  Transport 
environments have been identified as an environmental moderator for obesity, 
amplifying or attenuating systemic and environmental drivers (3).   
 
Motorised transportation rates have increased significantly worldwide in recent 
decades, in both developed and developing countries.  Whereas personal motor 
vehicles were once considered an expensive luxury, the number of cars worldwide has 
been estimated at over one billion (109), with approximately 13.8 million passenger 
vehicles currently registered in Australia (110).  Many societies are now increasingly 
car dependent, with urban environments, culture, access to goods and services, 
economic growth and mobility inextricably linked with motor vehicle usage (111-115).   
 
Australia has a motor vehicle dominated transportation culture.  Prevalence of AT is 
relatively low, with only 22% of Australians aged 18 years or over using public 
transport, walking or cycling to work or full-time study in 2012 (116). AT rates in 
Australian children are also low and have been in decline in recent years (117, 118), 
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with as few as 35% of 6 to 7 year olds (119) and 20% of 12 to 17 year olds (120) 
participating in AT to school  at least once per week.  
 
Transport behaviours are influenced by a wide range of complex and inter-related 
factors.  The correlates and determinants of modal choice can be classified by (121):  
 the characteristics of travel modes,  including but not limited to cost, travel 
time, ease, comfort and security of different modes; 
 the characteristics of the individual, including but not limited to gender, age, 
income, household composition and physical ability; 
 contextual factors, including but not limited to culture, the built environment, 
distance, accessibility, topography, climate and perceptions of safety. 
 
Incidental PA through AT could increase the proportion of Australians meeting the 
Australian Physical Activity and Sedentary Behaviour Guidelines (87).  Studies 
internationally have demonstrated the positive effects of shifting short trips from 
motorised to non-motorised modes of travel (122-126).  Scope exists for modal shift 
of shorter trips to AT in Australia.  For instance, 29% of Australian commuters’ place 
of residence is less than five kilometres from their place of work, with a further 21% 
less than ten kilometres (127).  Evidence shows that many trips considered suitable 
for AT to school are also currently being made by car (128-130).  In the Australian state 
of Victoria for instance, it has been estimated that approximately 74% of school 
children live within five kilometres of their primary school, yet two-thirds of trips to 
school are made by car (128).   
 
2.7 Transport and health 
As well as playing an important role in the mobility, independence and social 
connectedness of populations, transportation settings can impact on health in four 
ways, by (131): 
 
1. causing or preventing physical ill-health; 
2. causing, contributing to, preventing and treating mental illness and stress; 
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3. causing, exacerbating or solving problems of inequality, which shapes health 
outcomes; and 
4. creating or impeding a safe road environment. 
 Figure 3 outlines some of the potential health impacts of transportation behaviours 
and decision-making.   
 
Figure 3: Potential health impacts of transportation behaviours 
 
 
 
AT has been associated with an increase in PA (5, 106, 132-135), with potential 
positive effects on all-cause mortality.  The seminal study by Andersen et al. (136) 
estimated the relative risk of all-cause mortality for those who spent 3 hours per week 
cycling to work at 0.72 (95% CI 0.57-0.91).  The reduced risk of all-cause mortality 
amongst cyclists was also supported in more recent studies by Matthews et al. (137) 
and Sahlqvist et al. (132).  A 2014 meta-analysis found that a standardised dose of 
11.25 metabolic equivalent task (MET) hours per week of cycling resulted in a 10% 
reduction in risk for all-cause mortality (95% UI 6%-13%) (138).  Results of a 2016 
meta-analysis also supported this finding, estimating a 15% reduction in risk of all-
cause mortality for those participating in cycling (HR 0.85, 95% UI 0.76-0.95)(139).  
Associations between walking and all-cause mortality have also been reported in 
studies by Williams & Thompson (140) and Hamer & Chida (141).  Recent meta-
analysis results demonstrated an 11% reduction in risk of all-cause mortality given a 
standardised dose of 11.25 MET hours per week of walking (138).   
 
 
Health damaging effects of transport 
 
- Accidents, injuries 
- Pollution, emissions 
- Mental health impacts, stress, anxiety, 
social exclusion 
- Physical inactivity, and chronic 
conditions linked to physical inactivity 
 
 
Health promoting effects of transport 
 
- Access to places of work, 
education, services and recreation 
- Mental health impacts, social inclusion 
- Physical activity, and chronic conditions 
linked to physical activity 
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Evidence for the disease-specific mortality and morbidity effects of AT is less 
conclusive and more research is required in order to better understand potential 
effects on different health outcomes (142-144). Studies examining the health benefits 
of AT have reported positive cardiovascular health benefits (145-150) and reduction 
in the risk of ischemic stroke (151).  A study in Finland in 2007 found that moderate to 
high levels of AT to work reduced cardiovascular mortality among women with 
hypertension (152).  A 2013 review ranked the strength of evidence linking AT and 
cardiovascular health as moderate to strong (153).  The review included 15 studies, 
concluding that AT was associated with better cardiorespiratory fitness, lower CVD 
risk factors and lower incidence of myocardial infarction (MI) (153).  
 
The systematic review by Saunders et al. in 2013 (143) suggested that AT may have a 
positive effect on diabetes prevention and that this may be an important area for 
future research.  A study in India found a significant reduction in diabetes for those 
who cycled to work (ARR 0.65, 95% UI 0.36-0.71)(154), in line with other studies that 
have found an association between AT and a reduced risk of T2DM (155-158).  AT may 
also have potential health benefits of reduction in all-cause mortality and CVD 
mortality for people with diabetes (159).   
 
Evidence for an association between AT and risk of cancer is inconclusive.  A 
systematic review examining associations between health-related outcomes and 
cycling found inconclusive evidence for reduced risk of cancer (160).  A 2004 study of 
Chinese adults found that colon cancer risk was significantly reduced amongst 
participants with high commuting PA (OR 0.52 in men, 95% UI 0.27-0.87; OR 0.56 in 
women, 95% UI 0.21-0.91) (161).  Matthews et al. (162) found inconclusive results for 
reduced risk of endometrial cancer in Chinese women who walked or cycled for 
transportation.   
 
Evidence for the potential mental health benefits of AT is also inconclusive.  A recent 
study suggested that AT may be beneficial for mental health (163).  Another study 
found no clear association between AT and mental wellbeing (164), despite the 
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association between mental health and PA being well-established within the literature 
(165-167).  A study in London commuters found heterogeneous associations between 
modes of transport, public transport connectivity and subjective wellbeing, with only 
those commuting by walking reporting significantly higher life satisfaction than motor 
vehicle drivers (168).  A recent Australian study (169) found that people who engage 
in AT to work reported lower levels of stress (10.3%) compared with car drivers 
(26.1%)(adjusted odds ratio (AOR) 0.35, 95% UI 0.17-0.73, p<0.05).   
 
Transport systems can impact on factors associated with environmental health, 
including the effects of noise and air pollution.  Air pollution negatively affects health 
and can lead to ischemic heart disease, stroke, chronic lung disease and lower 
respiratory infections (170). Evidence suggests however that the health-related 
benefits of AT are larger than any increased risk from inhaled doses of air pollution 
from a change in exposure (171, 172). 
 
Transport injuries also place a significant burden on health, with road transport 
injuries recently ranked as the fifth leading cause of death worldwide (173).  In 2013, 
road injuries accounted for 64.7 million years of life lost (YLL), 8.6 million years lived 
with disability (YLD) and 73.3 million DALYs worldwide (174).  A proportionally high 
number of road traffic deaths and injuries occur in vulnerable users (i.e. cyclists, 
pedestrians and motorcyclists)(175).  In Australia in 2016 over 1,300 people died as a 
result of road transport accidents (including 29 cyclists and 185 pedestrians)(176).  In 
2008-09, 17% of all transport serious injuries requiring hospitalisation occurred in 
cyclists, with 7% occurring in pedestrians (177).   
 
2.8 Transport and obesity 
Given that obesity effect may be a more distal effect of transport modal choice than 
PA effect (Figure 4), relatively limited work has been undertaken to date in 
understanding the potential for AT interventions for obesity prevention.  Health 
outcomes more routinely considered during transport priority-setting include the 
effects of injuries and emissions.  
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Figure 4: Primary and secondary health outcomes associated with transport modal 
choice 
 
 
Ecological level studies have examined the relationship between rates of AT, car 
ownership and obesity across populations.  A study in China found that the odds of 
being obese were 80% higher in households that owned a motorised vehicle 
compared with those that did not (178).  An analysis of travel behaviours in Europe, 
North America and Australia suggested that countries with the highest levels of AT 
generally had the lowest obesity rates (179).  A study by Pucher et al. (180) found 
statistically significant associations between AT and obesity at the US city and state 
level and for 14 countries internationally. 
 
Systematic reviews of mostly cross-sectional and longitudinal studies have examined 
associations between transport modes and obesity in adults (5, 143, 153, 160, 181) 
and children (133, 135, 143, 153, 182-184).  A causal link between obesity and AT 
could not be established due to inconclusive, conflicting and low quality evidence 
(135, 143, 153, 182-184).  For instance, Wanner et al. (5) conducted a systematic 
review in 2012 of studies assessing AT, PA and body weight specifically in adults by 
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searching cross-sectional (n=45) and longitudinal studies (n=1).  All of the included 
studies relied on self-reported PA measures, with 16 studies also measuring self-
reported body weight.  In the majority of studies, AT was found to be associated with 
higher general PA levels and lower body weight.  The authors found overall study 
quality to be low however, with a mean quality rating score for articles reporting 
associations between AT and PA of 3.7 out of 10 (median 4, minimum 2, maximum 5) 
and for articles reporting associations between AT and body weight of 4.7 out of 10 
(median 4, minimum 2, maximum 8). 
 
Xu et al. (153) also systematically reviewed the effect of AT to work or school on health 
outcomes, including five primary studies examining associations between AT to school 
and children’s body weight and four review studies that examined associations 
between AT to work or school and body weight.  Only 58% of included relevant studies 
reported expected associations between AT to work or school and body weight (40 
out of 69 studies), with four studies reporting that AT to work or school was associated 
with higher body weight.  The authors concluded that the strength of evidence was 
inconsistent and based on mostly cross-sectional studies, meaning that causality could 
not be attributed. 
 
Saunders et al. (143) conducted the first systematic review of prospective 
observational and intervention studies  (n=24) to assess the potential health effects 
of AT in 2013.  Although no prospective studies of AT were found with obesity as a 
primary outcome in adults, and no significant associations were found between 
obesity and AT in studies that included children, some positive health effects of longer 
distances of AT were found.   
 
The most recent and comprehensive systematic reviews examining associations 
between modes of transport and obesity-related outcomes were published in 2014.  
Since that time, several new primary studies have been published within the peer-
reviewed literature (for instance, Flint & Cummins (185) and Martin et al. (186)).  
Paper 2 (located in Chapter 5 of this thesis) entitled “Active transport and obesity 
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prevention – a transportation sector obesity impact scoping review and assessment 
for Melbourne, Australia” seeks to update this literature.  The findings of this review 
will be discussed in the Results and Discussion chapters (Chapters 4 and 5).  
2.9 Active transport interventions  
Historically, the primary aim of government intervention in transport systems has 
been to improve mobility or safety, rather than to improve incidental PA or the wider 
domains of public health.  Given the emerging knowledge on the potential positive 
health benefits of transport environments that encourage PA, there is now a growing 
focus on better understanding the practical ways that populations might be 
encouraged to engage in more walking, cycling and use of public transport (187). 
There is currently no clear definition of “active transport intervention”.  Therefore this 
thesis adopts the approach by Killoran et al. (188), and defines AT interventions as 
“transport policies, systems and initiatives that promote patterns of walking, cycling 
and use of public transport”. 
 
There is relatively limited evidence currently available on the practical ways in which 
populations may be encouraged to increase AT.  A number of systematic reviews have 
been undertaken examining the evidence of effect for AT interventions conducted in 
specific settings, such as workplaces (100, 189, 190) or schools (100, 190, 191).  
Reviews have examined evidence of effect for individual level interventions to 
improve rates of walking and cycling (190, 192-194), and have also examined 
population level interventions (195, 196).  A number of reviews have examined built 
environment factors (100, 194, 197-199), with relatively less evidence on the 
effectiveness of policy-level interventions (200).  Appendix 1 gives an overview of 
published systematic reviews and key studies that have examined the effectiveness of 
AT interventions. 
 
Much of the evidence for intervention studies involves uncontrolled cross-sectional 
analysis of population-level data, which does not provide robust evidence of causality 
(200).  Whilst “gold standard” evidence (as obtained from randomised controlled trials 
(RCTs)) would be preferred, the challenges faced in the collection of such evidence 
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and the political and social pressures to find effective and cost-effective transport 
solutions means that a broader definition of evidence is required, including the use of 
“natural experiments” (190, 201, 202).   Natural experiments are observational studies 
in which the control and experimental variables of interest are not manipulated by 
researchers (203).  The same concepts of rigour and internal validity must be upheld, 
whilst also taking into account issues including contextual and policy relevance, 
implementation and sustainability (204).  Given that natural experiments preclude 
true randomisation, it should be noted that they are more susceptible to bias and 
confounding than RCTs.  Therefore careful study design, interpretation and reporting 
of results are required. 
 
Analysis of the available literature demonstrates that there is no single intervention 
to successfully reduce motorised travel and improve rates of AT at the population 
level.  Instead, the evidence suggests that a combination of intervention approaches 
(economic, legal, communicative and physical) may prove most effective (100, 205, 
206).  Multi-component strategies from across this range of approaches are likely 
required to effectively change transport behaviours (207).   
 
There are however several challenges to be overcome in achieving comprehensive, 
multi-component interventions to facilitate environments and systems that support 
and improve rates of AT.  These include: 
• The complexities associated with design, implementation and rigorous 
evaluation of complex environmental or policy-type interventions (208-210); 
• The fact that government decision-making and priority setting for different 
types of AT interventions often comes from differing levels of government.  For 
instance in Australia, different built environmental interventions can be 
implemented at the local level (the micro scale), the state level (the meso 
scale) or federally (the macro scale).  Different levels of government may not 
be working synergistically towards a common goal, or may have different or 
competing priorities;   
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• Government decision-making and priority setting for different types of AT 
interventions may require multi-sectoral support, for instance from across 
health, transport, environmental or economic sectors (4).  This can add further 
complexity. 
 
Given these challenges, it is clear that change towards more supportive AT 
environments with less reliance on motorised transport may be incremental, 
especially in countries like Australia where the transport culture is so predominantly 
motor vehicle focused.  Therefore there is value in demonstrating to policy-makers 
both the incremental benefits of specific interventions that may improve rates of AT, 
and the more holistic benefits of achieving environments and systems supportive of 
walking and cycling. 
 
2.10 Economic evaluation of transport interventions 
Economic evaluation of comparative interventions can help to inform the efficient 
allocation of resources (61) and to provide valuable knowledge as to the interventions 
that represent “good value for money”.  A brief summary of the different methods of 
full economic evaluation are given in Table 2.  It should be noted that the terms cost-
effectiveness analysis (CEA) and cost-utility analysis (CUA) are often used 
interchangeably within the literature, with the context of the health outcome 
reported (i.e. incorporating quality of life or not) distinguishing the methods (61).  In 
the context of this thesis I report CUA as CEA, distinguished by reporting results in 
terms of health adjusted life years (HALYs) rather than natural units. HALYs are 
summary measures of population health that allow for the impact of mortality and 
morbidity to be combined and considered simultaneously (211).   
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Table 2: Brief summary of methods of full economic evaluation 
Economic 
evaluation 
method 
Brief summary Main strengths Main 
limitations 
Cost-Benefit 
Analysis 
(CBA) 
Expected benefits and costs are 
measured in monetary terms.  
Expected benefits are compared 
to costs.  Results can be expressed 
as a ratio of costs to benefits. 
Allows for 
relatively easy 
comparison of 
results. 
Can be 
difficult to 
value health-
related 
benefits in 
monetary 
terms. 
Cost-
Effectiveness 
Analysis 
(CEA) 
Health outcomes are expressed as 
a common unit of effect (natural 
units), and compared to costs 
expressed in monetary terms.  
Results can be presented as cost 
per unit of effect (for example, 
$200 per life year gained) or as 
effect per unit of cost (for 
example, life years gained per 
dollar spent). 
Relatively 
easier to 
undertake. 
Outcomes have 
clear meaning 
to clinicians 
and providers. 
Results can 
only be 
compared 
across similar 
health 
outcomes. 
Cost-Utility 
Analysis 
(CUA) 
Health outcomes are measured in 
terms of the quality and quantity 
of life, and compared to costs of 
the intervention in monetary 
terms.  For example, cost per 
health adjusted life year (HALY) 
saved. 
Incorporates 
both quality 
and quantity of 
life. 
More complex 
to undertake 
than CEA. 
 
The traditional economic paradigm of the transport sector relies on cost-benefit 
analysis (CBA), which is based in “welfarism” and the fundamental theorem that: 
(i) given certain assumptions, competitive markets produce Pareto 
efficient outcomes; and 
(ii) given further restrictions, any Pareto efficient outcome can be 
supported as a competitive market equilibrium  (212).   
 
Welfarism asserts that social welfare is a function of individual welfare (or utility) and 
judgement decisions are made irrespective of non-utility aspects (213).  Not only is 
non-utility information irrelevant to the making of social orderings, so are the 
identities of the creators and receivers of utility (212).  The central characteristic of 
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welfarist economics is that it confines the evaluative space to individual utilities only 
(212). 
 
Historically the healthcare sector also relied on welfarist approaches (212).  However 
in recent decades there has been a shift towards the economic paradigm of “extra-
welfarism”, rather than an approach where choices are more heavily influenced by 
ability or willingness-to-pay (WTP)(214, 215).  Extra-welfarism supplements value 
judgements with the non-goods characteristics of individuals (213).  Brouwer et al. 
(212) posit that extra-welfarism differs from the welfarist approach by permitting the 
use of outcomes other than utility sourced from affected individuals and allowing for 
weighting of outcomes to be based on measures other than preference. 
 
There are two distinct challenges with the application of CBA to health-related 
interventions.  The first is that the use of CBA could produce inequitable healthcare 
allocations, given the use of WTP concepts to value welfare (216).  Secondly, placing 
a monetary value on the quality and quantity life is both challenging and controversial. 
 
Traditionally the healthcare sector uses CEA or CUA to undertake economic 
evaluation, largely due to these controversies.  Criticisms of the extra-welfarist 
approach include that the results of CEAs or CUAs are not always useful to decision 
makers, given the more general aim of maximising health effects in resource 
constrained health systems (rather than the welfarist approach of maximising societal 
welfare)(212).  Whilst a discussion on the relative merits of the welfarist versus extra-
welfarist approaches to economic evaluation is beyond the scope of this thesis, the 
concepts are relevant when reviewing the predominant paradigm for economic 
evaluation of transport interventions.   
 
The third school of economic theory is the decision making school, which is based on 
the premise that the objectives of healthcare should be based on societal preferences 
and not purely economic theory (217).  Any of the existing techniques for economic 
evaluation can be used under the decision making school, with evidence suggesting 
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that priority-setting approaches which include both strong economic foundations as 
well as a process for incorporating the multitude of decision making criteria not 
captured within economic evaluations are most likely to be useful to decision-makers 
(218). 
 
2.11 The cost-effectiveness of AT interventions 
A number of health impact studies have been undertaken worldwide that have 
attempted to measure the wider public health benefits of AT (219).  Health impact 
assessments (HIA) aim to use the best available evidence to assess the health effects 
of policies or programs outside of the healthcare sector (220).  Recent HIAs have 
included the health-related effects of mode shift from motorised to AT as reductions 
in mortality (all-cause or disease-specific mortality, including traffic fatalities), 
morbidity (including CVD, respiratory disease, cerebrovascular disease, T2DM, cancer, 
dementia, depression, preterm birth, low birth weight, weight gain, overweight and 
obesity, adipose tissue, traffic injuries), life-expectancy, DALYs, activity-restriction 
days and monetised health impacts (including healthcare costs, feeling-of-insecurity 
costs, activity-restriction costs or productivity loss)(219).   
 
Whilst HIAs can be used to better understand potential impacts, they do not consider 
potential costs of such policies or programs.  This is where full economic evaluation 
becomes useful, as it allows decision-makers to make informed choices on how to best 
spend finite public resources by taking into account and comparing both potential 
impacts and costs (221).  
 
Traditionally, the inclusion of wider health-related costs and benefits into transport 
appraisal has been relatively limited.  CBAs conducted within the transport sector 
routinely consider the health-related effects of injuries and emissions (222, 223), due 
to the fact that consensus around valuation of these effects has been more easily 
quantified.  For instance in Australia, published guidelines recommend average crash 
costs to be used in road transport appraisals, estimated using human capital and WTP 
approaches (224).  The environmental benefits of a reduction in motorised transport 
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are well-established, including an improvement in air quality (225) and a reduction in 
noise and in CO2 emissions (226).  Published Australian guidelines for road transport 
appraisal provide representative emission factors for inclusion into vehicle operating 
cost categories of CBAs (224). 
 
As discussed earlier, the wider public health effects of transport policy and decision-
making is a relatively new area of research (227).  It is only relatively recently that 
health concerns regarding transportation have been broadened to include the impact 
of driving as a health-related behaviour (228, 229).  Therefore the wider health 
impacts of transport decision-making, including those related to PA, are not yet 
routinely included into transport appraisal.  In 2008 Cavill et al. (230) conducted a 
systematic review of economic evaluations of transport infrastructure and policies 
that included PA-related health benefits of walking and cycling.  The review found only 
16 studies, covering a wide variety of health outcomes and using a number of 
methodological approaches.  Paper 1 (located in Chapter 4 of this thesis) entitled “A 
systematic review of economic analyses of active transport interventions that include 
physical activity benefits” seeks to update this literature to provide a current overview 
of the state of the evidence for inclusion of PA-related benefits into transport 
economic evaluation. The findings of this review are discussed in the Results and 
Discussion chapters (Chapters 4 and 5). 
 
The review by Cavill et al. (230) contributed to the development of the WHO Health 
Economic Assessment Tool (HEAT) for walking and cycling (142).  The WHO HEAT is a 
web-based tool used for calculating the mortality-related health benefits of AT for 
inclusion in transport appraisal.  The tool uses the concept of the “value of a statistical 
life” (VSL), and produces population level estimates of mortality-related annual 
benefit and net present value of mean annual benefit of an increase in walking or 
cycling.  By omitting morbidity-related effects of more walking and cycling the WHO 
HEAT underestimates potential health-related benefits, but reduces uncertainty given 
the current evidence base on morbidity-related outcomes.  The tool is primarily aimed 
at use by transport professionals and special interest groups involved in AT or the 
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environment, and so has been developed to more simplistically estimate health-
related benefits than by use of a more complex epidemiological model (142). 
 
The Australian Government has recognised that the evaluation of AT interventions 
incorporating wider health benefits has been historically neglected (231).  Recent 
progress has been made however, with the publication in 2016 of specific guidance 
on the evaluation of AT initiatives (232). This guidance adopts the approach of Genter 
et al. (233) to value morbidity and mortality-related health benefits of an increase in 
PA, and recommends health benefit values of AUD2.77 per kilometre walked and 
AUD1.40 per kilometre cycled be used in appraising AT initiatives.  Whilst this is also a 
step in the right direction towards a more complete valuation of health in transport 
planning, Genter et al. (233) note that the methods employed to estimate costs 
attributable to physical inactivity are not to epidemiological study standards and that 
the number of assumptions necessary to assess population level impacts given data 
constraints is a limiting factor.   
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2.12 Summary 
 Obesity is a complex issue, with significant health-related, social and economic 
consequences. 
 AT may play a role in improving obesogenic environments, by encouraging 
more incidental PA. 
 The health benefits of PA are well-established. 
 Good quality evidence exists for the mortality-related benefits of AT, with an 
emerging but still relatively inconclusive evidence base for morbidity-related 
health benefits. 
 Multi-component interventions spanning across legal, physical, economic and 
communicative approaches will likely be required to increase the prevalence 
of walking and cycling for transport. 
 AT interventions are often however implemented incrementally, and so 
information on the effectiveness and cost-effectiveness of specific 
interventions is also useful to policy-makers. 
 The normative branch of health economics seeks to determine whether there 
are health policies and programs that are welfare improving.   
 Evidence of effect to inform the economic evaluation of specific AT 
interventions is relatively limited, and the evidence that exists is largely cross-
sectional in nature.  More studies using longitudinal or “natural experimental” 
study designs are required. 
 Traditionally, relatively limited health-related benefits of transport 
interventions have been incorporated into transport economic evaluation.  
The effects of accidents and emissions are routinely included.  There is now a 
growing focus on the inclusion of PA-related health benefits of transport 
modal choice. 
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3. Methods 
3.1 Overview of chapter 
This thesis is submitted as a thesis by publication.  An overarching framework for 
analysis was used, the Assessing Cost-Effectiveness (ACE) approach (7).  The ACE 
approach, and more specifically how it relates to the focus of this PhD, will be 
discussed in this chapter.  The cost-effectiveness and health impact model developed 
by colleagues at UQ will also be briefly introduced, as a precursor to the explanation 
of methods for the inclusion of transport injury effects into the economic model.  It 
should be noted that incorporation of emissions effects was considered out of scope 
of this thesis, although this is an area for future investigation.   
 
Other specific methods pertaining to each publication, such as literature search 
strategies or quality assessment criteria, are not repeated here so as to avoid 
duplication.  Readers are referred to the methods and results sections of each 
individual publication (Chapter 4) for further information on individual study 
methodology. A brief summary of publication methods, status, results and significance 
is also given in Table 9 of Chapter 4. 
 
3.2 The Assessing Cost-Effectiveness (ACE) approach 
The work of Stream 1 of the CRE in Obesity Policy and Food Systems aims to apply the 
Assessing Cost-Effectiveness (ACE) methodology to the evaluation of up to 40 
upstream, non-health sector interventions for obesity prevention.  The aim of this 
thesis is to apply the ACE methodology to the evaluation of AT interventions for 
obesity prevention. The results of this PhD thesis will be combined with the results 
from the wider CRE Stream 1 outputs, to produce a comprehensive analysis of the 
potential role, impact and cost-effectiveness of non-health sector interventions for 
obesity prevention.  Due to the timing of the work program of the CRE, this thesis will 
not include analysis of the relative contribution of the transport sector to obesity 
prevention, as compared to other non-health sectors being investigated by CRE 
researchers.  This will however be part of an ongoing program of work resultant from 
this PhD thesis. 
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The ACE methodology attempts to harmonise both technical analysis and due process 
within the priority-setting framework, so as to produce the most reliable information 
available on the evidence base, costs and outcomes of interventions (234).  The ACE 
methodology is based on the foundations of economic theory, ethics, empirical 
evidence and user considerations.  The key characteristics of the ACE approach include 
(7, 234): 
• well-defined research questions that are adaptable to decision contexts and 
settings; 
• standardised evaluation methods based on a clear concept of benefit and 
economic principles of marginal analysis and opportunity cost; 
• clearly explained rationale for the selection of interventions; 
• clearly specified use of judgement and expert opinion; 
• data needs made tractable through use of simplifying assumptions based on 
logical reasoning and best available evidence; 
• the use of large and well-validated datasets to inform economic modelling; 
• results that are reported as a range (around point estimates) reflecting the 
uncertainty of cost, process, outcome and value estimates; 
• results that are placed within a broader decision-making framework, called the 
“second stage filter analysis”. 
 
The ACE methodology has been used in several large priority-setting studies.  In 2004, 
the Victorian Government commissioned the Assessing Cost-Effectiveness in Obesity 
(ACE-Obesity) study, which evaluated the cost-effectiveness of 13 interventions that 
aimed to prevent unhealthy weight gain in children and adolescents (234).  Assessing 
Cost-Effectiveness in Prevention (ACE-Prevention) was a five-year NHMRC funded 
study from 2005 that aimed to provide information on the comparative cost-
effectiveness of preventative interventions for a wide range of non-communicable 
diseases in Australia (44).  The ACE methodology has also been applied to cancer (235), 
heart disease (236) and mental health (237), as well as internationally in the CHOICES 
project (Childhood Obesity Intervention Cost-Effectiveness Study) conducted in the 
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USA (238), the Setting Priorities using Information on Cost-Effectiveness (SPICE) 
project in Thailand and in ACE New Zealand.   
 
In the context of this thesis, the ACE methodology is applied to better understand the 
evidence for the potential role, impact and cost-effectiveness of AT interventions for 
obesity prevention (Figure 5).  To date, the ACE methodology has not been 
comprehensively applied to non-health sectors and this thesis therefore contributes 
valuable information on the strengths and limitations of the approach within the 
context of the Australian transportation setting.  This knowledge is then built upon, 
by applying the ACE methodology to specific transport interventions that might lead 
to an uptake in AT, as per the aims of the CRE.   
 
Figure 5: An overview of the ACE approach and application to the transport sector 
 
Figure notes:  ACE: Assessing Cost-Effectiveness.  AT: Active transport.  CEA: Cost-effectiveness analysis.  
HALY: Health adjusted life year.  RQ: Research question.  
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3.3 Standardised methods for systematic and scoping reviews 
The ACE approach involves standardised methods of evaluation, to ensure consistency 
across interventions and sectors.  Standardised methods to evaluate the evidence on 
the role, impact and cost-effectiveness of AT interventions include the use of 
systematic and scoping reviews.  Systematic review of economic evaluations of 
transport interventions incorporating PA-related health benefits provides an up-to-
date overview of the inclusion of wider health benefits in transport economic 
evaluation. For specific detail on the methodology used to conduct the systematic 
review please refer to Paper 1 (Chapter 4). 
 
A scoping review of evidence of the association between transport behaviours and 
obesity-related outcomes allows for an up-to-date summary of the potential obesity 
impact of transport behaviours.  For specific detail on the methodology used to 
conduct the scoping review, please refer to Paper 2 (Chapter 4). 
 
Scoping review and scenario analyses of reaching AT policy goals provides both a 
qualitative and quantitative summary of the importance of improving rates of AT in 
Australia.  For specific detail on the methodology used to conduct the scoping review, 
please refer to Paper 3 (Chapter 4). 
 
3.4 Standardised methods for scoping intervention studies 
3.4.1 Intervention selection 
The ACE intervention scoping process involves a structured review of intervention 
impact, in order to better assess the potential for economic modelling of the 
intervention (Figure 6). 
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Figure 6: The ACE scoping process, as applied to transport sector interventions 
 
Figure notes: AT: Active transport.  CRE: Centre for Research Excellence.  HALY: Health adjusted life 
year. 
 
 
A list of specific AT interventions that might progress to scoping for CEA was generated 
and reviewed by experts in the field (Table 3).  Interventions were categorised into 
legal, economic, communicative and physical approaches using the framework 
proposed by Scheepers et al. (100).  Although the list is extensive, it may exclude 
interventions for which evidence is not currently available (199). 
 
 
 
 
 
 
56  
Table 3: List of transport-related interventions that may increase rates of active 
transport 
Intervention 
approach Interventions 
Legal Traffic calming and speed reduction 
  Governance structures 
  Planning regulation 
  Parking supply restriction 
  Enforcement of regulations and laws protecting pedestrians and cyclists 
Economic Economic disincentive - increasing the relative cost of motor vehicles 
  Road pricing 
  
Car purchase costs – taxation 
Car operation costs – registration, parking, fuel 
   
  Economic incentive - reducing the relative cost of active transport 
  Taxation provision - active transport 
  Pricing of active transport 
  Incentivising active transport 
Communicative Social marketing 
  Educational programs 
  Active transport to school programs 
  Personalised or workforce travel planning 
  Events promoting active transport 
Physical Traffic calming and speed reduction 
  Active transport infrastructure 
  
Built environment - density, diversity, design, distance to transit, 
destination accessibility, walkability, desirability 
 
Given the breadth of transport interventions that may have an impact on modal 
choice, the number of interventions to be considered in this thesis then had to be 
considered.  In 2012 Shill et al. (239) undertook a study to identify potential policy or 
regulatory interventions to promote PA environments, interviewing 40 senior 
representatives from Australian government, statutory authorities and non-
government organisations.  The findings from this study were combined with a review 
of the literature and feedback from academic experts.  Meetings were also held with 
representatives from the Victorian State Government Department for Economic 
Development, Jobs, Transport and Resources.   
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The following intervention selection criteria were considered (234): 
1. Relevance to current policy decision making; 
2. Availability of evidence of efficacy/effectiveness to support meaningful 
analyses, using a broad definition of evidence; 
3. Potential impact on addressing the problem of obesity; 
4. The ability to specify the intervention in clear terms to facilitate meaningful 
evaluation;  
5. Preference for interventions to be selected from across the range of 
approaches (economic, physical, legal and communicative), where 
possible; and 
6. Consideration of the work program of this thesis, in conjunction with the 
larger work program of the CRE. 
 
Table 4 lists the interventions that were selected to progress to the scoping stage for 
CEA. 
 
Table 4: Interventions selected for progression to the scoping stage 
Intervention approach Intervention Policy relevance 
Communicative Active transport to school 
(AT to school) 
AT to school is currently 
funded in Australia 
Economic Congestion pricing Congestion pricing has 
been implemented 
internationally, and is 
topical in Australia (240-
244) 
Economic/Legal Fuel excise taxation Fuel excise is levied in 
Australia by the Federal 
Government 
Physical/Legal Traffic calming and safety Traffic calming and 
safety is recognised as an 
important facilitator of 
AT modes (245)  
3.4.2 Evidence of effect 
Program logic is used to assess the potential policy impact for obesity prevention for 
each intervention during the scoping phase.  Program logic models depict outcomes, 
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how to conceptually achieve those outcomes and the basis for expectation of those 
outcomes (246) and are useful for illustrating the logic of or theory underpinning an 
intervention.  Logic pathways are graphically presented in Papers 2, 4, 5 and 6.  Please 
refer to the relevant papers in Chapter 4 for examples. 
 
The academic and grey literature was searched for evidence of effect of each 
intervention.  A hierarchy of outcomes for the search for evidence of effect was 
developed, whereby direct obesity-related evidence of effect was searched in the first 
instance (Figure 7).  Direct evidence for the effect of AT interventions on the 
prevalence of obesity is in most cases however relatively limited (247).  Therefore the 
literature was also searched for evidence of PA effect, defined as either modal shift 
effect or PA effect.  Quality assessment of evidence was undertaken, using relevant 
frameworks.  For specific methods used to assess the evidence for each intervention, 
please refer to Papers 4, 5 and 6 in Chapter 4. 
 
Figure 7: Hierarchy of outcomes for search for evidence of effect 
 
 
3.4.3 Second stage filters and other considerations 
The ACE studies emphasise the consideration of broader issues that impact on 
decision-making that are not necessarily reflected in quantitative estimates of health 
impact or cost-effectiveness (44).  “Second stage filters” are presented alongside the 
results of CEAs, so that wider policy implications can be considered within the priority-
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setting exercise.  If flagged, significant concerns in regards to second stage filters may 
lead to recommendations about the need for pilot interventions before widespread 
implementation, intervention redesign and/or the need for ongoing evaluation to 
monitor intervention consequences (7).    
 
Second stage filters and decision points were adapted from previous ACE studies (7), 
and are listed in Table 5.  Evidence for second stage filters was collected during the 
scoping stage, and informed by direct evidence, parallel evidence, the context of the 
intervention, current Australian and international policy status, the quality of 
evidence of effect and an analysis of relevant intervention stakeholders.  Second stage 
filters are presented narratively, alongside CEA results. 
 
Table 5: Second stage filters for consideration alongside cost-effectiveness results  
Second stage filter Decision points 
Level of evidence Weak/moderate/strong evidence of effect 
Sustainability Weak/moderate/strong evidence of sustainability of effect; 
Weak/moderate/strong evidence of sustainability of 
intervention 
Equity Moderate issue/major issue/not a major issue 
Acceptability Moderate issue/major issue/not a major issue 
Feasibility Moderate issue/major issue/not a major issue 
Side-effects Significantly positive/significantly negative/not significant 
 
Second stage filters include: 
 
Level of evidence 
Strength of evidence was classified based on the work of the ACE-Prevention study 
(44).  The decision points of “weak/moderate/strong” evidence of effect were derived 
from a thorough analysis of the literature and consideration of the quality assessment 
process undertaken during the scoping stage.  
 
Sustainability 
The decision points of “weak/moderate/strong” were derived from a thorough 
literature review.  Evidence for the sustainability of intervention effect (i.e. whether 
individuals might sustain the behavioural change leading to the modelled change in 
60  
effect) was considered.  Potential sustainability of the intervention itself was based on 
the perceived ability of the intervention to be ingrained into policy and the relative 
magnitude of associated ongoing costs.   
 
Equity 
Ethics and normative economics are intertwined, given the role of ethics in providing 
a reference standard for judging societal welfare (7).  Health is influenced by a wide 
range of factors, including access to healthcare and traditional health-sector policies, 
as well as social circumstances and public policies (248).  Therefore reducing health 
inequalities through interventions involving social determinants of health is regarded 
as important for social justice (249).  The ACE approach explores potential equity 
effect through an in-depth exploration of the literature.  Where possible, data were 
used to support evidence for the decision points of “moderate issue/major issue/not 
a major issue”. 
 
Acceptability 
Acceptability refers to the anticipated acceptability of the proposed intervention to 
the various stakeholders affected (for example, consumers, policymakers, industry 
and so on).  Acceptability considerations were summarised from an in-depth 
exploration of the literature.  Where possible, data was used to support evidence for 
the decision points of “moderate issue/major issue/not a major issue”.  
Feasibility 
Feasibility refers to the relative ease of implementation of the intervention.  Decision 
points of “moderate issue/major issue/not a major issue” were derived using expert 
judgement and the relevant experience of the intervention or a parallel intervention 
in Australia or internationally.   
 
Side effects 
This filter attempts to list some of the other consequences (intended or unintended) 
that might arise as a result of the intervention.  Potential positive and negative side 
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effects of the proposed intervention were considered, and a judgement summary of 
the decision points was then made. 
3.4.4 Scoping reviews presented to CRE and experts in the field 
Once the scoping process for each intervention was complete, the available evidence 
was presented to CRE members for assessment of suitability for CEA.  An example of 
the AT to school intervention scoping paper is given in Appendix 2.  Meetings with 
academic experts in the field and representatives from stakeholder groups (the 
Victorian Department of Economic Development, Jobs, Transport and Resources and 
Bicycle Network Victoria) were also held to gather more feedback.  The decision point 
on whether to progress the intervention to CEA was then reached, based on 
assessment of all available evidence and expert opinion. 
 
Two interventions (congestion pricing and traffic calming and safety) did not proceed 
to economic modelling due to the lack of evidence of effect available in the literature 
at this time.  Scoping papers examining the evidence of obesity or PA-related effects 
were published (Papers 4, 5).  The AT to school intervention will progress to CEA, 
however given time constraints and the work schedule of the CRE this will not occur 
until after completion of this thesis.    One intervention, increase in fuel excise 
taxation, proceeded to full CEA within the work program of this thesis (Paper 6).   
 
3.5 Cost-effectiveness and health impact modelling 
CEA has been selected by the CRE as the preferred method for economic evaluation, 
given its relative acceptance within the health field and the challenges associated with 
assigning monetary values to the quality and quantity of life.  The ACE methodology 
uses the CEA approach to estimate health adjusted life years (HALYs) arising from 
differences in costs and outcomes between a situation where an intervention is 
present, and one where it is not.  It is also possible to model the potential health 
impacts of hypothetical scenarios, by making assumptions around the change in effect 
only and reporting resultant change in outcomes.   
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This section describes the “front end modelling” undertaken to inform the use of the 
CRE Obesity model.  The CRE Obesity model was developed by a team of colleagues 
based at UQ [Mantilla Herrera, A.M, Lee, Y.Y., Barendregt, J.J., unpublished 
manuscript, A dynamic modelling tool to economically evaluate obesity interventions: 
methods of the CRE-Obesity model).  Therefore only a brief summary of the CRE 
Obesity model will be given here.  Methods for the inclusion of transport injury-
related effects into the CRE Obesity model will also be discussed.  
3.5.1 “Front-end” modelling  
“Front-end” modelling entails the application of the best available evidence and all 
other relevant input parameters required to inform the use of the CRE Obesity model.  
Front-end modelling was undertaken for papers 2, 3 and 6.  Papers 2 and 3 involved 
health impact modelling, using estimates of effect derived from reviews of the 
literature (but not including costs of specific interventions).  This was undertaken to 
gain new knowledge on the potential obesity-related role and impact of 
improvements to AT prevalence and policy for Australian populations.  Paper 6 
involved a full economic evaluation of the fuel excise taxation intervention.  This was 
undertaken to generate new knowledge into the potential effectiveness and cost-
effectiveness of a specific intervention that may encourage more AT. 
 
The CRE Obesity model allows for effect estimates to be input as either BMI (kg/m2) 
or weight (in kg) effect.  Where reasonable quality evidence of obesity effect was 
identified from the scoping process, estimates were extrapolated to the population 
level.  Extrapolation to the population level requires estimates of exposure, estimates 
of the expected change or effect and assumptions around sustainability of effect 
(247).  Where reasonable quality evidence of obesity effect was not identified during 
the scoping phase, PA effect was modelled using estimates of metabolic equivalent 
tasks (METs) (250).  METs are defined as the ratio of the work metabolic rate to the 
resting metabolic rate.  One MET is roughly equivalent to the energy cost of sitting 
quietly (250).  In this instance, the validated rule-of-thumb developed by Hall et al. 
(251) that a 100 kilojoule (kJ) change in energy balance leads to a body weight change 
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of one kilogram (kg) was used to estimate change in weight.  Change in BMI was 
estimated using population averages for height, by age group and gender (252).  The 
model also allows for input of PA effect, independent of BMI effect, in MET minutes 
per week, by age and gender. 
 
Data on transport behaviours are not comprehensively collected in Australia at the 
national level, however the five-yearly Australian Bureau of Statistics (ABS) Census of 
Population and Housing (253) collects reliable data on the method of transport to 
work (254).  This data was therefore used for relevant estimates of baseline levels of 
exposure to AT.   
 
Assumptions around sustainability of effect are clearly reported in modelling papers 
(Papers 2, 3 and 6).  Clearly an area for future work will be the collection and synthesis 
of evidence for long-run effects of AT interventions on health (72).  In this thesis, it is 
assumed that the time to effect resulting from the change in transport behaviour is 
immediate (i.e. modelled as “steady-state”). Uncertainty and assumptions are 
reported in a clear and transparent manner and sensitivity analyses are undertaken.  
Given the recognised challenges of modelling environmental and policy-type 
interventions and the trade-off between exhaustiveness and precision in 
measurement, McKinnon et al. (72) acknowledge the value in this approach.   
 
A limited societal perspective was taken for the economic evaluation of the fuel excise 
taxation.  Costs and consequences to the healthcare system and suppliers and 
producers were considered and included in the primary analysis using estimates 
identified from the literature during the scoping phase.  Costs and consequences to 
the individual were limited to potential replacement expenditure per new active 
commuter using published Australian guidelines in a secondary analysis (255).   
 
For more information on the specific input parameters, data sources, effect estimates 
and assumptions per modelled study, please refer to Papers 2, 3 and 6 (Chapter 4).  
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3.5.2 The CRE Obesity model 
The proportional multi-state multi-cohort life table model compares the costs and 
consequences of a population that is exposed to an intervention to a status quo 
population that receives no intervention.  Health outcomes are estimated from the 
changes in incidence of diseases related to nine obesity-related diseases (ischaemic 
heart disease, hypertensive heart disease, ischemic stroke, diabetes, colorectal 
cancer, kidney cancer, breast cancer, endometrial cancer and osteoarthritis) and/or 
five PA-related diseases (diabetes, ischaemic heart disease, ischemic stroke, breast 
cancer and colorectal cancer).  As previously mentioned, the model can be run 
estimating obesity effect or obesity and PA effect.  An adjustment factor ensures that 
double-counting of disease specific benefits does not occur if estimating both obesity 
and PA-related costs and consequences (256).  
 
Changes in disease incidence lead to corresponding changes in disease prevalence in 
later years of life, and changes in mortality and years lived with disability (YLD).  
Epidemiological data were derived from the Global Burden of Disease (GBD) 2010 
study (257), using DISMOD II (258) for parameters not explicitly reported.  Modelling 
was undertaken using Microsoft Excel 2010.  Ninety-five percent uncertainty intervals 
(UI) for input parameters were determined by Monte Carlo simulation (based on 2,000 
iterations) using the Excel add-in Ersatz (version 1.34)(259). 
 
As previously mentioned, the unit of health benefit is the HALY. Results of health 
impact modelling studies (Papers 2, 3) are expressed as HALY gains and healthcare 
cost savings as a result of hypothetical scenarios involving an increase in AT.  The 
commonly agreed cost-effectiveness threshold used in Australia is AUD50,000 per 
HALY (260), although there is some debate surrounding the appropriateness of this 
threshold (261, 262).  Budget thresholds for impact studies (that is, those not including 
consideration of intervention cost) are estimated by applying the AUD50,000 cost-
effectiveness threshold to HALY benefits.  These estimates are then added to 
healthcare cost savings as a result of the hypothetical change, resulting in budget 
thresholds to cost-effectively achieve the modeled uptake in AT. 
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Results of full CEAs are expressed as incremental cost-effectiveness ratios (ICERs).  The 
ICER is the ratio of the change in costs to incremental benefits from the intervention.  
The ICER is calculated as: 
 
ICER= (C1-C2) 
   (E1-E2) 
 
where:  C1 is the cost of the intervention 
  C2 is the cost of the comparator 
  E1 is the effect of the intervention 
  E2 is the effect of the comparator 
 
Interventions are presented on a cost-effectiveness plane, where interventions that 
are both cost saving and of benefit to health are considered “dominant”.  
Interventions with ICERs of less than AUD50,000 per HALY are considered cost-
effective.  Results are also expressed as the probability of the intervention being cost-
effective (i.e. net cost per HALY saved less than AUD50,000) and the probability of the 
intervention being cost-saving.   
 
3.5.3 Incorporation of transport injury effect into the CRE Obesity model 
 
Background to inclusion of transport injury effect 
The “risk injury matrix approach”, as proposed by Bhalla et al. (263), has been used in 
several studies (219, 264-266) to incorporate the injury-related impact of modal shift 
from motorised to AT.  Whilst the health benefits related to PA of an intervention that 
results in modal shift from motorised to AT are expected to increase, the increased 
exposure of pedestrians and cyclists to motorised transportation may increase the risk 
of injury (267).  The “risk injury matrix approach” estimates the change in absolute 
numbers of fatalities and injuries as a result of an intervention, which can then be 
included into the analysis of overall health benefit. 
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Only four published economic evaluations of AT interventions incorporating both PA 
and injury-related benefits undertaken for the Australian context were identified in 
the literature search (268-271).  All studies were CBAs, using commonly published 
values on costs per fatality or injury by mode calculated using WTP or human capital 
approaches.  Xia et al. (265) undertook a HIA to determine the co-benefits of 
alternative modes of transport in Adelaide, South Australia and used the “risk injury 
matrix approach”, but did not include an analysis of cost implications.   
 
Therefore to the best of my knowledge, this study represents the first to:  
(i) adopt the “risk injury matrix approach” at the national level in 
Australia, in order to be able to evaluate policy-level interventions; and  
(ii) incorporate the “risk injury matrix approach” data into a multi-state life 
table model approach, allowing for dynamic inclusion of injury effects 
over time and incorporation of healthcare cost offsets of road traffic 
accidents. 
 
Methodology for the “risk injury matrix” 
The “risk injury matrix approach” was adapted to estimate the change in absolute 
numbers of motor vehicle and pedestrian fatalities and serious injuries as a result of 
AT interventions.  The injury matrix specifies the injury risk per unit of travel for 
different types of road users.  Injury was defined as either: (i) fatality rising from a 
transport accident; or (ii) serious traffic injury resulting in hospitalisation.  Matrices 
were developed using Microsoft Excel 2010. 
 
Data on road fatalities by year, gender, road user type and crash type were obtained 
from the Australian Road Deaths Database (176)  for the years 2000-2010 (n=17,562).  
The database provides data on road transport fatalities in Australia as reported 
monthly by State and Territory police services and is considered the most 
comprehensive source of data on Australian road fatalities (272).   Missing or 
incomplete data and road user type “other” were excluded (n=31), resulting in 17,531 
fatalities being included in the analysis (4,806 females and 12,725 males).  Given data 
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limitations in reporting for our specific purpose, some assumptions were required in 
order to be able to complete the risk injury matrix (Table 6). 
 
Table 6: Assumptions for inclusion of mortality data into risk injury matrix using 
publicly available data 
Description of assumption Possible consequence Justification 
Multiple vehicle accidents 
not involving bus, rigid or 
articulated trucks were 
assumed to have occurred 
between motor vehicles 
(i.e. motor vehicles as 
striking vehicles) 
Possibly minimises 
motorcycle striking vehicle 
accidents and attributes to 
motor vehicle striking 
accidents.   
Reasonable assumption 
in lieu of more 
complete dataset.  In 
2010 there were 18 
times more passenger 
vehicles registered in 
Australia than 
motorcycles (273). 
Bus, rigid or articulated 
truck involvement in 
accidents assumes that 
the burden of fatality is 
borne by the smallest 
mode (e.g. if truck was 
involved in motor vehicle 
driver or passenger 
fatality, the assumed 
fatality was attributed to 
the motor vehicle 
occupant). 
May incorrectly attribute 
fatality to modal type. 
Assumption based on 
logical reasoning that 
the occupant of the 
mode type offering 
lesser protection more 
likely to be fatally 
injured. 
Pedestrian fatalities are 
coded within the database 
as crash type pedestrian, 
with or without bus, rigid 
or articulated truck 
involvement.  Pedestrian 
fatalities without bus, rigid 
or articulated truck 
involvement assumed 
striking vehicle motor 
vehicle. 
May incorrectly attribute 
pedestrian fatality to 
incorrect striking vehicle 
mode. 
Reasonable assumption 
in lieu of more 
complete dataset. 
 
The average (absolute) number of fatalities per year by age group, gender, road user 
type and striking vehicle were estimated, accounting for the change in population 
from 2000 to 2010 in the data available.  Fatalities per year by age group and gender 
were estimated using population data from the ABS (274).  These were then averaged 
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over the 11 years of available data, and fatalities per person per age group and gender 
were scaled to 2010 population figures.  Re-scaled fatality estimates were categorised 
proportionally, using the historical data. 
 
A publicly available national database on serious road injuries does not currently exist 
in Australia (272).  Therefore data on traffic serious injury (defined as injury acquired 
on-road and requiring hospitalisation) were obtained from publicly available reports 
on land transport injury published by the Australian Institute of Health and Welfare 
(AIHW)(177, 275).  Whilst more complete datasets for refined analysis are not publicly 
available at this time, this available information on land transport serious injuries 
allowed for approximations of traffic injury by age group and gender for inclusion in 
our modelling.  Until such time as more complete datasets are publicly available, this 
was considered the best possible use of the available data at the national level. 
 
Data on traffic serious injuries by relevant injured person type and mechanism of 
injury for Australia were accessed for the years 2007-08 and 2008-09 (the years for 
which reports are available).  The mechanism of injury for non-collision accidents was 
assumed to be the travelling mode at the time of the incident.  Cell counts in tables 
with four cases or fewer were not provided within the reports, and so have been 
treated here as zero values.  Estimates of absolute numbers of injuries by mechanism 
of injury were calculated by age group, gender and injury severity (either high-threat-
to-life or serious injuries) for the two available years.  Estimates were then averaged 
to give absolute numbers of injuries by mechanism of injury by age group, gender and 
injury severity. 
 
It should be noted that the inclusion of only traffic serious injury requiring 
hospitalisation may result in under-reporting of potential injury effect, given that 
minor injuries not requiring a visit to hospital are not included.  Comprehensive data 
on minor road transport-related injuries are currently not available in Australia.  It 
should also be noted that the publicly available data on serious injuries requiring 
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hospitalisation do not include data on patients who died while in hospital, and so 
double-counting with mortality data has been avoided.   
 
Previous studies have incorporated the effects of types of roads on injury rates, 
positing that rates of injury differ between major and minor roads (276).  This level of 
analysis has not been included here because data by road type are again not widely 
available.  More consideration of this point would be required for interventions that 
impact differently on the travel patterns of rural vs urban people, and there is scope 
for future work in building this into the analysis.  An overview of injury and fatality 
data inputs and sources is given in Table 7. 
 
Table 7: Injury and fatality data inputs and sources 
Inclusion of 
injury 
effect by 
Best practice Type of 
data 
Source of data 
used 
Limitations of data 
used and comments 
Gender Risk of injury by 
gender 
Fatality 
data 
Australian Road 
Deaths 
Database (176) 
None 
Serious 
traffic injury 
data  
Henley et al. 
2012 (177, 275) 
Approximate 
estimates only, using 
Table 2.1 (275) and 
Table 4.2.1 (177) 
Age group Risk of injury by 
age group 
Fatality 
data 
Australian Road 
Deaths 
Database (176) 
None 
Serious 
traffic injury 
data  
Henley et al. 
2012 (177, 275) 
Approximate 
estimates only, using 
Table 2.4 (275) and 
Table 4.2.4 (177)   
Type of 
road 
Risk of injury by 
type of road 
Fatality 
data 
- Data not available at 
this level of detail  
Serious 
traffic injury 
data 
- Data not available at 
this level of detail 
Type of 
serious 
injury 
Injury by ICD-
10AM code 
Serious 
traffic injury 
data only 
Henley et al. 
2012 (177, 275) 
Approximate 
estimates only, using 
Table 3.4 (275) and 
Table 4.3.4 (177) 
Table notes: ICD-10AM: International Statistical Classification of Diseases and Related Health Problems, 
tenth revision, Australian modification. 
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Exposure data for motorised modes of transport was obtained from the ABS (277).  
The ABS does not provide this information for cyclist or pedestrians.  Therefore 
estimates of exposure for AT modes were taken from the Australian Transport 
Assessment and Planning (ATAP) Guidelines (255).  A summary of baseline exposure 
data sources and estimates is given in Table 8. 
 
Table 8: Baseline exposure data inputs and sources 
Mode Parameter Value Source 
Passenger 
vehicle 
Total km travelled by Australian 
passenger vehicles, year ended 
31 October 2010 
163,360,000,000 ABS 2010 
(277) 
Motorcycle Total km travelled, year ended 
31 October 2010 
2,394,000,000 
Rigid truck Total km travelled by Australian 
rigid trucks, year ended 31 
October 2010 
9,011,000,000 
Articulated 
truck 
Total km travelled by Australian 
articulated trucks, year ended 31 
October 2010 
6,917,000,000 
Bus Total km travelled by Australian 
buses, year ended 31 October 
2010 
2,024,000,000 
Cyclists Total km travelled by cyclists 1,240,000,000 ATAP 
Guidelines, 
M4 Active 
Travel, 
Table 15 
(232) 
Pedestrians Total km travelled by 
pedestrians 
2,710,000,000 
Table notes: ABS: Australian Bureau of Statistics.  ATAP: Australian Transport Assessment and Planning.  
km: kilometre. 
 
The injury matrix is used to estimate risk by mode (264): 
 
R0= No.injVictim0 
 EVictim0 x EStriking vehicle0 
 
where  R0=risk of injury or fatality at time 0 
  No.injVictim0 = number of injuries or fatalities by mode at time 0 
  EVictim0= exposure (victim mode) at time 0 
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EStriking vehicle0 = exposure (striking vehicle mode) at time 0 
 
Given a change in transport behaviours, distance travelled by victim and striking 
vehicle changes.  Therefore change in the absolute numbers of fatalities and injuries 
requiring hospitalisation is estimated as: 
 
Is=  R0 x EvictimS x EStriking vehicleS  
 
where   Is= risk of injury or fatality under the intervention or scenario 
R0=risk of injury or fatality at baseline 
  EvictimS = exposure (victim mode) under the intervention or scenario 
EStriking vehicleS = exposure (striking vehicle mode) under the intervention 
or scenario 
 
Evidence suggests that a “safety in numbers” type effect may occur with increasing 
numbers of pedestrians and cyclists (278-282), whereby injury rates do not change 
linearly with distance travelled so that: 
I= aEb  
 
where   I= number of injuries or fatalities 
E= a measure of exposure to walking or cycling 
a= empirical parameter 
b= empirical parameter, generally between 0.1 and 0.7 (134). 
 
Woodcock et al. 2013 (276) used a and b coefficients taken from Elvik 2009 (280).  The 
2016 meta-analysis by Elvik et al. (279) however excluded studies where risk was 
estimated as the number of injured road users per kilometre and exposure was 
estimated as the number of kilometres travelled, due to the fact that this method may 
generate a spurious negative relationship between exposure and risk that looks like a 
safety in numbers effect (283).  Regression coefficients for motor vehicle volume, 
cyclist volume and pedestrian volume were estimated using different methods, but all 
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regression coefficients across methods were close to the value of 0.50.  Summary 
estimates of accident elasticities were reported as 0.499 (95% UI 0.383-0.615) for 
motor vehicle volume, 0.432 (95% UI 0.333-0.53) for cyclist volume and 0.511 (95% UI 
0.395-0.627) for pedestrian volume, and these values were incorporated into the 
analysis. 
 
Attributable risk (AR) can then be calculated as:   
sum(Is) 
  sum(I0) 
 
Atrributable risks are estimated separately using fatality data and serious injury data 
(ARfatal and ARseriousinjury).    
Methodology for incorporation into the CRE Obesity Model 
Injury risk was incorporated into the modelling analyses of Papers 3 and 6, using a life 
table approach.  Estimates of mode specific road traffic accident deaths and YLD were 
obtained from the GBD study 2010 (257) and treated as baseline data.  ARs from the 
“risk injury matrix” were then multiplied by baseline GBD data to estimate 
intervention effect by mode.  The difference in mortality and YLDs between baseline 
and the intervention scenario were then estimated.  Data on healthcare costs 
associated with road traffic injuries were obtained from the AIHW for 2001 (284) and 
inflated to 2010 prices using the Health Price Index (285). 
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4. Results 
4.1 Overview of chapter 
In summary, this PhD thesis is comprised of: 
• One published co-lead author publication in a peer-reviewed journal; 
• Three published lead-author publications in peer-reviewed journals; 
• Two submitted lead-author publications for publication in peer-reviewed 
journals. 
 
4.2 Overview of individual publications constituting the thesis 
Publication methods, status, results and significance for all publications constituting 
the thesis are summarised in Table 9. An overview of modelled studies is given in Table 
10. 
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Table 9: Publication methods, status, results and significance for individual publications constituting the thesis 
No. Manuscript citation and 
method 
Research 
question 
Status Brief summary of results Significance Innovation 
1. Brown, V., Diomedi, B.Z., 
Moodie, M., Veerman, 
J.L., Carter, R., 2016. A 
systematic review of 
economic analyses of 
active transport 
interventions that 
include physical activity 
benefits. Transport 
Policy 45:190-208. 
DOI: 
https://doi.org/10.1016/
j.tranpol.2015.10.003 
 
Systematic review 
RQ2 
(Cost-
effectiveness) 
 
Published 36 studies conducting economic evaluations of 
transport interventions incorporating PA-related 
benefits were identified from a search of the academic 
and grey literature.  Methodologies used varied 
considerably between studies.  Sixteen studies included 
only mortality related outcomes associated with an 
increase in PA. Five studies included only morbidity 
related outcomes associated with an increase in PA.  
Eleven studies included both mortality and morbidity 
related effects.  Specific health outcomes considered 
varied between studies.  CBA was conducted in 31 
studies.  CEA was conducted in 4 studies.  One study 
conducted both CBA and CEA.   
 
The quality of evidence of effectiveness of 
interventions was relatively weak.  Only 53% of studies 
evaluated proposed or implemented interventions, 
with 47% undertaking analyses of hypothetical 
interventions or scenarios.  The quality of reporting as 
per the Consolidated Health Economics Evaluation 
Reporting Standards (CHEERS) checklist was also 
considered relatively low.  Interventions may be 
considerably cost-effective when incorporating PA-
related health benefits.  Results for the included CBAs 
ranged from -31.9:1 to 59:1.  Twenty-six of the 32 CBA 
studies reported benefits greater than costs (i.e. were 
cost saving).  Three of the 5 included CEA studies were 
considered cost-effective using relevant cost-
effectiveness thresholds. 
Findings suggest the significant potential 
for AT interventions to be cost-effective, or 
even cost-saving, when taking into account 
PA-related health benefits of an uptake in 
AT.  This has important implications for 
governments responsible for both 
transportation and healthcare budgets, 
whereby spending on effective 
interventions that improve incidental PA 
through AT may represent good value for 
money. 
 
Significant scope exists however in 
improving the rigour of intervention 
effectiveness analyses, which are currently 
limited by unavailability of data.  
Comprehensive evaluation programs 
should be a key component of all AT 
interventions, in order to build the 
evidence base on effectiveness. 
 
PA-related benefits are starting to be 
better considered within traditional 
transport appraisal.  Study findings 
highlight the methodological advances still 
needed to be made in order to ensure that 
transport projects are routinely evaluated 
taking into account this broader definition 
of health. 
This study conducts 
the most up-to-date 
systematic review 
available of published 
economic evaluations 
of AT interventions 
incorporating PA 
effects. 
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2. Brown, V., Moodie, M., 
Mantilla Herrera, A.M., 
Veerman, J.L., Carter, R., 
2017.  Active transport 
and obesity prevention – 
A transportation sector 
obesity impact scoping 
review and assessment 
for Melbourne, 
Australia.  Preventive 
Medicine 96: 49-66. 
DOI: 
https://doi.org/10.1016/
j.ypmed.2016.12.020 
 
Scoping review and 
obesity impact modelling 
Setting: Melbourne, 
Australia 2010 
Population: Working age 
commuters, aged 18 to 
64 years 
Comparator: 5% increase 
in AT commuting vs 
usual practice 
Effect estimate: BMI 
effect estimate from 
Martin et al. (186), 
switching from private 
motor vehicle use to AT 
associated with  
0.32kg/m2 reduction in 
BMI,  compared to 
RQ1 
(Role and 
impact) 
 
Published Eleven reviews and 33 primary studies exploring 
associations between transport modes (motor vehicle, 
walking, cycling and public transport) and obesity were 
identified.   
 
Results suggest that evidence for an obesity effect of 
transport behaviours is inconclusive (29% of published 
studies reported expected associations, 33% reported 
mixed associations, 36% reported no association or no 
significant association at the 5% level).  Published 
evidence suggests that any potential effect is likely to 
be relatively small, with the majority of studies that 
reported statistically significant regression coefficients 
reporting an effect of <1 BMI point associated with the 
relevant transport behaviour. 
 
Hypothetical scenario modelling suggests that a 5% 
increase in AT commuting in Melbourne, Australia may 
result in relatively small but significant health benefits 
and healthcare cost savings (65 HALYs saved per year 
(95% UI 48-85), with over AUD700,000 in healthcare 
costs saved per year (95% UI AUD559K-AUD982K)). 
Results suggest that even a relatively 
conservative estimate of BMI effect of AT 
behaviours can result in important obesity-
related health benefits and healthcare cost 
savings at the population level.  This 
highlights the significant potential for AT 
interventions to contribute to increasing 
incidental PA and reducing the prevalence 
of obesity. 
To the best of my 
knowledge, this is the 
first published scoping 
review that considers 
the potential obesity 
impact of both 
motorised and non-
motorised transport 
behaviours.  
 
This study is the first to 
conduct obesity-
specific health impact 
modelling for the 
Melbourne population.  
Exploratory results 
quantify the potential 
for AT in improving 
health outcomes.  
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continued private motor 
vehicle use (95% UI 0.60-
0.05 reduction) 
3. Brown, V., Moodie, M., 
Cobiac, L., Mantilla 
Herrera, A.M., Carter, R., 
2017.  Obesity-related 
health impacts of active 
transport policies in 
Australia – a policy 
review and health 
impact modelling study.  
Accepted Australia and 
New Zealand Journal of 
Public Health 15 August 
2017. 
 
Scoping review and 
threshold analysis 
Setting: Australia 2010 
Population: Working age 
commuters, aged 18 to 
64 years 
Comparator: Four 
scenario analyses vs 
usual practice 
Effect estimate: 
Modelled effect 
estimate per scenario, 
using best available 
evidence 
RQ1,2 
(Role and 
impact, cost-
effectiveness) 
 
Accepted 
 
 
Nine policy documents or statements associated with 
AT were identified at the federal or national level.  All 
Australian states and territories have endorsed some 
form of AT policy or position statement.  AT policies at 
the local government level were less comprehensively 
available, with only 37% of Australian local 
governments having a visible online AT focus.  This may 
however more accurately reflect the state of local 
government websites rather than AT policies or 
positions. 
 
The limited policy goals that have been quantified in 
Australian AT documents focus on either a defined 
multiplier of current prevalence of AT, or achieving a 
defined proportion of the population engaging in AT.  
Therefore four scenarios were modelled, based on 
hypothetical policy goals of doubling current rates of 
walking or cycling or achieving 30% of capital city 
commutes by walking or cycling. 
 
Results suggest significant potential health benefits and 
healthcare cost savings of improving rates of AT.  
Doubling rates of cycling would lead to 565 HALYs 
saved, assuming a one year effect and modelling over 
the lifetime (95% UI 173-985).  Total healthcare cost 
savings would equal approximately AUD6.6M (95% UI 
AUD1.9M-AUD11.3M).  Doubling rates of walking 
would lead to 1,187 HALYs saved, assuming a one year 
effect modelled over the lifetime (95% UI523-1,893).  
Total healthcare cost savings would equal 
Results suggest the significant potential for 
health benefits and healthcare cost savings 
of improving rates of AT in Australia.  By 
relating the potential budget thresholds to 
the required number of people taking up 
AT in order to achieve each of the four 
policy goals, this study quantifies the 
monetary value that could be spent per 
new active traveller to cost-effectively 
achieve the required uptake.  This is 
important information for policy-makers, 
as it provides evidence that could be used 
in decision-making around intervention 
specifications and feasibility. 
This study is the first to 
provide an overview of 
the state of AT policy 
in Australia. 
 
This study is the first to 
quantify the obesity, 
PA and transport 
injury-related health 
benefits of achieving 
hypothetical policy 
goals for the Australian 
population. 
 
This study incorporates 
transport injury-
related effects using 
the first “risk injury 
matrix” for the 
Australian population, 
using best available 
evidence. 
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approximately AUD14M (95% UI AUD6M-AUD22.4M).  
Achieving 30% of capital city commuters using active 
modes would result in even greater health benefits and 
healthcare cost savings. 
 
Modal shift to more active forms of transport result in 
a small increase in transport mortality and injury, given 
the change in exposure.  The increase in transport 
injury-related mortality and morbidity is more than 
offset however by the large obesity-related health 
benefits of a shift to AT.  This suggests that while 
interventions designed to achieve an uptake in AT 
should consider impacts on improvements in safety for 
cyclists and pedestrians, they should also focus on 
changing people’s perception of safety of active modes 
given the potential for other positive health benefits. 
4. Brown, V., Moodie, M., 
Carter, R., 2015. 
Congestion pricing and 
active transport - 
evidence from five 
opportunities for natural 
experiment. Journal of 
Transport and Health 
2:568-79. 
DOI: 
https://doi.org/10.1016/
j.jth.2015.08.002 
 
Scoping review 
RQ1 
(Role and 
impact) 
Published Twelve studies reporting evidence of modal shift from 
motor vehicle to AT associated with congestion pricing 
schemes implemented internationally were identified.  
Evidence for a PA or modal shift effect of congestion 
pricing schemes was considered weak.  The quality of 
available evidence was also considered to be low. 
Congestion pricing schemes are being 
discussed in many countries as a realistic 
option to deal with traffic congestion, 
however the evidence for potential 
secondary benefits (such as PA and PA-
related health benefits) is an 
underexplored area.   
 
A better understanding of the wide range 
of benefits and disbenefits of transport 
policies would allow for the most efficient 
use of scarce resources from a societal 
perspective.  This would also allow for 
funding of those policies, projects and 
programs that have broader all-of-
government merit. 
 
This study is the first 
scoping review of 
associations between 
congestion pricing 
schemes and PA and 
modal shift effect. 
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This study presents a tentative first step 
towards building the evidence base to 
allow the progression from HIA of 
hypothetical scenarios to more practical, 
in-depth analyses of specific transport 
policies and programs that might improve 
the health of populations. 
5. Brown, V., Moodie, M., 
Carter, R., 2017.  
Evidence for associations 
between traffic calming 
and safety and active 
transport or obesity: A 
scoping review.  Journal 
of Transport and Health.  
Accepted for publication 
03 February 2017. 
In press. 
DOI: 
https://doi.org/10.1016/
j.jth.2017.02.011 
 
Scoping review 
RQ1 
(Role and 
impact) 
Accepted, 
In press  
Traffic calming is very policy relevant and widely 
recognised as an important factor in encouraging more 
AT.  My scoping review identified 12 studies reporting 
associations between traffic calming and safety and 
obesity, and 59 studies reporting associations with AT.   
Despite a coherent and feasible logic pathway, our 
understanding of traffic safety-related variables on AT 
and the even more distal outcome of obesity is 
however limited.   
 
The evidence of association is inconclusive, with only 
three studies reporting expected associations between 
traffic calming or safety and obesity, and only nine 
studies reporting expected associations with traffic 
calming or safety and transport-related PA, walking or 
cycling.  Ninety per cent of studies in my review were 
cross-sectional, limiting the drawing of conclusions 
about causation. 
Clearly more evidence is required to better 
understand the factors that may 
contribute to transport modal choice.  
Whilst multi-factoral, complex 
interventions are likely required to 
improve rates of AT across populations it is 
important that we also better understand 
the effects of incremental changes to PA 
and transport environments.   
 
Achieving complex interventions requires 
multi-sectoral, co-ordinated approaches to 
policy-making.  A better understanding of 
some of the component changes may 
assist with the design and overall 
effectiveness of more complex 
interventions. 
 
To the best of my 
knowledge this is the 
first scoping review to 
summarise the 
evidence base for a PA 
or obesity-related 
effect of traffic calming 
and safety. 
6. Brown, V., Moodie, M., 
Cobiac, L., Mantilla 
Herrera, A.M., Carter, R., 
2017, Obesity-related 
health impacts of fuel 
excise taxation – an 
evidence review and 
cost-effectiveness study.  
RQ1,2 
(Role and 
impact, cost-
effectiveness) 
Published Limited evidence on the effect of policies such as fuel 
taxation on health-related behaviours currently exists.  
Three studies were found reporting associations 
between fuel price or taxation and obesity, whilst nine 
studies reported associations with PA, walking or 
cycling.  Estimates of cross-price elasticity of demand 
for PT with respect to fuel price vary, 
 
Previous studies have highlighted the 
potential role for fuel price in improving 
population levels of PA (200, 286). 
Exploratory modelling using plausible 
estimates of effect gives important 
information on the potential CEA of this 
specific policy intervention.  This 
knowledge should be considered in the 
This is the first study to 
conduct a full 
economic evaluation of 
a fuel excise taxation 
intervention, 
incorporating obesity, 
PA and injury-related 
health benefits. 
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Scoping review and cost-
effectiveness modelling 
Setting: Australia 2010 
Population: Working age 
commuters, aged 18 to 
64 years 
Comparator: AUD0.10 
per litre increase in fuel 
excise taxation vs no 
additional increase 
Effect estimate: 
Conservative estimate of 
cross-price elasticity of 
demand for public 
transport with respect to 
fuel price, modelled to 
average BMI effect in 
males of -0.622kg/m2, 
females -0.617kg/m2. 
Modelling results suggest a AUD0.10 per litre increase 
in fuel excise taxation would be cost-effective from a 
limited societal perspective (237 HALYs gained over the 
lifetime (95% UI 138-351), AUD2.6M in healthcare cost 
savings (95% UI AUD1.3M-AUD3.9M), ICER AUD7,702 
per HALY saved (95% UI AUD1,366-AUD22,125)).  The 
probability of the intervention being cost-saving 
however under conservative main scenario 
assumptions is low (0.8%).  The probability of the 
intervention being cost-saving is greatly increased 
under less conservative sensitivity analyses.   
 
Significant equity concerns would need to be addressed 
in order for the intervention to gain acceptability.  
Reinvestment of taxation revenue into AT may also 
increase acceptability. 
 
policy making process, in order to achieve 
an “all-of-government” approach to 
population health and obesity prevention. 
 
 
This study incorporates 
transport injury-
related effects using 
the first “risk injury 
matrix” for the 
Australian population, 
using best available 
evidence. 
Table notes: AT: active transport.  AUD: Australian dollars.  BMI: body mass index. HALY: health adjusted life year.  ICER: Incremental cost-effectiveness ratio.  M: million.  
PA: Physical activity.  RQ: research question.  UI: Uncertainty interval. 
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Table 10: Overview of modelled studies 
 Paper 2 Paper 3 Paper 6 
Paper citation Brown, V., Moodie, M., Mantilla 
Herrera, A.M., Veerman, J.L., Carter, 
R., 2017.  Active transport and obesity 
prevention – A transportation sector 
obesity impact scoping review and 
assessment for Melbourne, Australia.  
Preventive Medicine 96: 49-66. 
Brown, V., Moodie, M., Cobiac, L., Mantilla Herrera, A.M., Carter, R., 2017.  Obesity-
related health impacts of active transport policies in Australia – a policy review and health 
impact modelling study.  Australia and New Zealand Journal of Public Health.  Accepted for 
publication 13 March 2017. 
 
Brown, V., Moodie, M., Cobiac, 
L., Mantilla Herrera, A.M., 
Carter, R., 2017, Obesity-related 
health impacts of fuel excise 
taxation – an evidence review 
and cost-effectiveness study.  
BMC Public Health.  17:359. 
Type of study HIA 
 
HIA CEA 
Outcomes included BMI only 
 
BMI, Injury PA, BMI, Injury 
AT behaviours 
modeled 
Shift from motor vehicle to AT Doubling of current 
rates of cycle 
commuting  
Doubling of current 
rates of walking 
commuting 
Achieving 30% 
commuting modal 
share by cycling in 
capital cities 
Achieving 30% 
commuting modal 
share by walking in 
capital cities 
Shift from motor vehicle to 
walking to access PT 
Population Melbourne working population, aged 
20 to 64 years 
Australian working age commuters, aged 18 to 64 years Australian working age 
population, aged 18 to 64 years 
Results reported as  Annual and lifetime Annual Lifetime 
Mean % of popn 
exposed* 
5% of males and females Males 1.06% 
Females 0.31% 
 
Males 2.65% 
Females 2.6% 
Males 28.94% 
Females 29.69% 
Males 27.35%  
Females 27.4% 
Males 0.044%  
Females 0.045% 
Average BMI effect*a -0.32kg/m2  (Martin et al. (186)) Modelled using 
hypothetical weight 
effect.  Equates to a 
hypothetical 
reduction in BMI of 
approx. 2.2kg/m2 in 
males, 1.9kg/m2 in 
females 
 
Modelled using 
hypothetical weight 
effect.  Equates to a 
hypothetical 
reduction in BMI of 
1.5kg/m2 in males, 
1.7kg/m2 in females 
Modelled using 
hypothetical weight 
effect.  Equates to a 
hypothetical 
reduction in BMI of 
approx. 2.2kg/m2 in 
males, 1.9kg/m2 in 
females 
Modelled using 
hypothetical weight 
effect.  Equates to a 
hypothetical 
reduction in BMI of 
1.5kg/m2 in males, 
1.7kg/m2 in females 
Modelled using hypothetical 
weight effect.  Equates to a 
hypothetical reduction in BMI of 
0.623kg/m2 in males, 
0.618kg/m2 in females 
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 Paper 2 Paper 3 Paper 6 
Average weight effect 
(kg)*a 
Modelled using BMI effect.  Equates to 
a hypothetical reduction in weight of 
approx. 0.99kg in males and 0.85kg in 
females. 
Modelled effect, 
hypothetical 
reduction in weight 
of approx. 6.9kg in 
males, 4.5kg in 
females 
Modelled effect, 
hypothetical 
reduction in weight 
of 4.6kg in males, 
4.03kg in females 
Modelled effect, 
hypothetical 
reduction in weight 
of approx. 6.9kg in 
males, 4.5kg in 
females 
Modelled effect, 
hypothetical 
reduction in weight 
of 4.6kg in males, 
4.03kg in females 
Modelled effect, hypothetical 
reduction in weight of 1.95kg in 
males, 1.65kg in females 
Average PA effect* N/A N/A N/A N/A N/A Hypothetical increase of 222 MET 
mins/wk in males, 226 MET 
mins/wk in females 
Total HALYs saved 65 per year 
(95% UI 48-85) 
1,602 over the lifetime 
(95% UI 1165-2086) 
565 
(95% UI 173-985) 
1,187 
(95% UI 523-1,893) 
12,105 
(95% UI 4,970-
19,707) 
9,003 
(95% UI 4,035-
13,962) 
237 over the lifetime 
(95% UI 138-351) 
(main scenario) 
Total healthcare costs 
avertedb 
AUD767K per year 
(95% UI AUD559K-AUD982K) 
 
AUD18.8M over the lifetime 
(95% UI AUD13.8M-AUD24.5M) 
AUD6.6M 
(95% UI AUD1.9M-
AUD11.3M) 
AUD14M 
(95% UI AUD6M-
AUD22.4M) 
AUD141.2M 
(95% UI AUD53.8M-
AUD227.8M) 
AUD105.9M 
(95% UI AUD46M-
AUD164.7M) 
AUD2.6M over the lifetime 
(95% UI AUD1.3M-AUD3.9M) 
(main scenario) 
Table notes: *: averages across age groups and gender.  a: Weight or BMI effect applied in model.  Shading denotes input parameter for each modelled study (either BMI or 
weight effect as input parameter, or BMI/weight and PA).  b: Total healthcare costs averted are reported in 2010 Australian dollars.  Approx.: approximately.  AT: active 
transport.  AUD: Australian dollars.  BMI: body mass index (kg/m2).  HIA: health impact assessment. K: thousand.  Kg: kilograms.  M: million.  MET mins/wk: Metabolic 
equivalent task minutes per week.  N/A: not applicable.  PA: physical activity.  UI: uncertainty interval.  %: percentage.
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4.3  Publications 
Where possible, each publication is inserted into this chapter as a PDF version of the 
publication with the relevant DOI specified.  Due to copyright considerations, papers 
3 and 5 will not be inserted until publication and this thesis will be updated accordingly 
at that time.  Author contribution statements for each study are given in Appendix 3. 
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a b s t r a c t
Physical inactivity is one of the leading causes for the growing prevalence of non-communicable diseases
worldwide and there is a need for more evidence on the effectiveness and cost-effectiveness of inter-
ventions that aim to increase physical activity at the population level. This study aimed to update a
systematic review published in 2008 by searching peer-reviewed and unpublished literature of economic
evaluations of transport interventions that incorporate the health related effects of physical activity. Our
analysis of methods for the inclusion of physical activity related health effects into transport appraisal
over time demonstrates that methodological progress has been made. Thirty-six studies were included,
reﬂecting an increasing recognition of the importance of incorporating these health effects into transport
appraisal. However, signiﬁcant methodological challenges in the incorporation of wider health beneﬁts
into transport appraisal still exist. The inclusion of physical activity related health effects is currently
limited by paucity of evidence on morbidity effects and of more rigorous evidence on the effectiveness of
interventions. Signiﬁcant scope exists for better quality and more transparent reporting. A more con-
sistent approach to the inclusion of beneﬁts and disbeneﬁts would reinforce the synergies between the
health, environmental, transport and other sectors. From a transport sector perspective the inclusion of
physical activity related health beneﬁts positively impacts cost effectiveness, with the potential to
contribute to a more efﬁcient allocation of scarce resources based on a more comprehensive range of
merits. From a public health perspective the inclusion of physical activity related health beneﬁts may
result in the funding of more interventions that promote active transport, with the potential to improve
population levels of physical activity and to reduce prevalence of physical activity related diseases.
Crown Copyright & 2015 Published by Elsevier Ltd. All rights reserved.
1. Introduction
Physical inactivity is the fourth leading risk factor for mortality
worldwide (World Health Organisation, 2014) and is one of the
main contributors to the global burden of non-communicable
diseases. Physical inactivity increases the risk of many adverse
health conditions, including obesity, coronary heart disease,
stroke, breast and colon cancer, diabetes, dementia and depression
(Pratt et al., 2014; Blondell et al., 2014; Lee et al., 2012). Rates of
physical inactivity are high worldwide, with technological pro-
gress meaning that we now spend less energy in our everyday
lives than our predecessors (Spence and Lee, 2003; Cordain et al.,
1998). Coupled with the fact that we also have more access to
energy dense foods, this constitutes increasingly obesogenic en-
vironments requiring ecological solutions (Hallal et al., 2012; Egger
and Swinburn, 1997; Stokols, 1992). In order to address the ob-
served low levels of physical activity across populations, it is
widely recognised that the incorporation of more incidental phy-
sical activity into everyday life is required through environmental,
social, cultural and behavioural approaches (Sallis et al., 2006).
Active forms of transport, such as walking, cycling and use of
public transport, have been recognised as possible avenues to
Contents lists available at ScienceDirect
journal homepage: www.elsevier.com/locate/tranpol
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increase the daily physical activity levels of populations through
incidental exercise, providing an alternative to more traditional
physical activity domains such as sport and exercise (Heath et al.,
2012; Sahlqvist et al., 2012; Reynolds et al., 2014). Active transport
is often referred to as utilitarian physical activity, as it involves
walking, cycling or use of public transport for functional purposes.
It is increasingly recognised that synergistic policies in sectors
outside of health, including that of transportation, may have sig-
niﬁcant potential to improve physical activity rates and hence the
health status of populations (Pratt et al., 2012). Ecological evidence
suggests that countries with higher rates of active transport have
lower rates of obesity (Bassett et al., 2008) and that a positive
association may exist between motor vehicle usage and body
weight (Sugiyama et al., 2013; Ding et al., 2014; Frank et al., 2004;
Jacobson et al., 2011). Although establishing the health effects of
active transport policies and interventions is challenging, a recent
systematic review of trials and cohort studies found consistent
support for the health beneﬁts of active transport over longer
periods and distances (Saunders et al., 2013).
This has led to increasing recognition of the importance of
using a broad deﬁnition of beneﬁts in the economic evaluation of
transportation policies and infrastructure (Litman, 2014; Mulley
et al., 2013; de Nazelle et al., 2011). Table 1 lists the most common
methods for economic evaluation, with a brief deﬁnition given for
each method. The transport sector traditionally uses cost beneﬁt
analysis (CBA) for project appraisal, where costs and beneﬁts are
expressed in monetary terms and health effects are most com-
monly limited to the effects of injuries and exposure to environ-
mental effects such as air pollution. This narrow incorporation of
health potentially undervalues active transport projects, especially
in light of the emerging evidence on the potential health beneﬁts
of walking and cycling for transport and the well-recognised
health beneﬁts of physical activity (Pate et al., 1995).
Following a number of early, pioneering studies (Rutter, 2006;
Krag, 2007; Sælensminde, 2004), recent methodological advances
have been made in the inclusion of physical activity related health
effects in transport appraisal. A systematic review conducted in
2008 by Cavill et al. found 16 economic evaluations of transport
infrastructure and policies incorporating physical activity related
health effects (Cavill et al., 2008). At that time the approaches to
the inclusion of physical activity related health outcomes differed
considerably among studies, as did study quality and transparency.
The review by Cavill et al. called for a more harmonised approach
and identiﬁed the method taken in the study by Rutter (2006) as
having the greatest potential for inclusion of physical activity re-
lated health effects into transport appraisal.
This knowledge was used in the development of the World
Health Organisation (WHO) Health Economic Assessment Tools
(HEAT) for walking and cycling, with the aim of devising a more
consistent approach to monetising the physical activity related
health impacts of active transport for inclusion into CBA of
transport projects (Kahlmeier et al., 2014). The HEAT tool esti-
mates the mean and maximum annual reduction in mortality
attributable to an increase in walking or cycling. The assessment of
mortality beneﬁts relies on a number of assumptions which are
clearly stated in the HEAT user guide (Kahlmeier et al., 2014). The
economic value of decreased mortality is estimated by applying
the value of a statistical life (VSL). The main justiﬁcation for using
the VSL lies on planners who are accustomed to this valuation
technique as the end users of HEAT. Due to a lack of evidence for
the effect of walking and cycling on morbidity HEAT currently
however only incorporates mortality effects, although the inclu-
sion of morbidity effects has been identiﬁed as important in future
reﬁnements of the tool.
It has now been several years since the original systematic review
by Cavill et al. (2008) and the availability of the WHO HEAT tools.
Whilst methodological advances in the incorporation of physical
activity related health effects into transport appraisal have been
made, it is uncertain whether this has translated into more routine
incorporation of these effects. In this paper we aim to provide an up-
to-date overview of the literature through the conduct of a sys-
tematic review of economic evaluations of transport interventions
and policies that include health effects of physical activity.
2. Methods
2.1. Inclusion criteria
To be considered for inclusion, studies had to meet the fol-
lowing criteria:
1. Be published in English between 1 January 1990 and 3 July 2014.
2. Be in the public domain, either as academic papers in peer re-
viewed journals or studies from the ‘grey’ literature such as
government reports and commissioned documents.
3. Be a primary study. Reviews and commentaries were excluded.
4. Present a full economic evaluation (including CBA, cost utility
analysis (CUA) or cost effectiveness analysis (CEA)) of a real or
hypothetical transport intervention or policy in an urban setting
that included health effects related to a change in physical ac-
tivity. Full economic evaluations consider both costs and con-
sequences of all alternatives examined and methods are listed
in Table 1 (Drummond et al., 2005).
5. Interventions must have resulted in changes to predominantly
utilitarian physical activity (i.e. strictly leisure time physical
activity (LTPA) interventions were excluded).
6. All age groups were considered.
7. Interventions and/or policies targeting special groups, such as
patients with a disability or any other health condition, were
excluded.
2.2. Search strategy and data sources
A comprehensive search of the literature was conducted in-
dependently by two researchers (VB and BZ) based on Cochrane's
Table 1
Methods for full economic evaluation.
Economic evaluation method Deﬁnition
Cost Beneﬁt Analysis (CBA) The expected beneﬁts of an intervention are measured in monetary terms and compared to the costs of the intervention. Results are
reported as cost per unit of beneﬁt.
Cost Utility Analysis (CUA) The expected health outcomes of an intervention are measured in terms of the quality and quantity of life attributable to the in-
tervention. Health outcomes can be expressed as disability adjusted life years (DALYs) or quality adjusted life years (QALYs). Results
can be presented as cost per averted DALY or gained QALY.
Cost Effectiveness Analysis (CEA) Health outcomes are expressed as a unit of effect, for example life years saved or prevalent cases averted with an associated cost.
Results can be presented as cost per life year saved or prevalent cases averted.
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guidelines for systematically reviewing public health interventions
(Higgins and Green, 2011) and Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher
et al., 2009). The following academic databases were searched: Web
of Science, Scopus, EBSCOHost (including: Business Source Com-
plete, CINAHL Complete, Health Economic Evaluation Database,
MedLine Complete, PsycInfo, SportDiscus), PubMed, EMBASE, Geo-
Base, Compendex, Inspec, NTIS and GeoRef. Search strategies were
developed for each of the databases in conjunction with two sub-
ject-speciﬁc librarians. The reference lists of included papers and
the index of the Journal of Transport and Health were also searched.
Speciﬁc strategies were used to search the ‘grey’ literature in well-
known organisational websites including: WHO-Cost effectiveness
and strategic planning (WHO-CHOICE), the National Institute for
Health and Care Excellence (NICE), the Transport, Health and
Environment Pan-European Programme (THE PEP), the Centre for Diet
and Physical Activity (CEDAR), the Nutrition and Obesity Policy and
Evaluation Network (NOPREN) and Active Living Research. A strategy
was also designed for the search engine Google and experts in the
ﬁeld were consulted to ensure that all relevant literature was included.
All search strategies are given at Appendix A.
3. Results
3.1. Search results
The database search resulted in 7475 papers, the titles of which
were assessed for relevance independently by each reviewer. Title and
abstracts of 162 studies were examined for relevance, with the full text
Fig. 1. PRISMA table.
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of 34 studies then retrieved and reviewed. After further exclusions, 13
studies from the database searches were included in the ﬁnal review.
A list of excluded papers and reasons for exclusion is given in Ap-
pendix B. Only one paper met the inclusion criteria from the hand
search of the index of the Journal of Transport and Health and an
additional 7 papers were included from the reference list search.
A further 15 papers were located from the grey literature.
Overall 36 papers were assessed for quality and relevant data was
extracted from them (Fig. 1).
3.2. Data extraction and review
Included studies were assessed by two reviewers (VB and BZ)
and data were extracted with the aim of providing an overview of
the main aspects, including study type, whether the economic
evaluation was of a real or hypothetical intervention, methodolo-
gical approach, targeted population, measurement of health ben-
eﬁts and disbeneﬁts and costs. These data are available on request
from the corresponding author. Main results of the analyses were
also extracted, but variations in assumptions between studies
precluded the summarising of results in a single measure.
In this review, the speciﬁc grading of studies according to their
quality has been avoided on the basis that such a methodmay unfairly
judge studies where economic evaluation was not the primary pur-
pose or where the assigning of a grading may be difﬁcult to undertake
in an objective manner. The use of scales for assessing quality or risk
of bias is challenging as it invariably involves assigning weights to
different items on the scale to reﬂect proportional value. Whilst this
Table 2
An overview of included studies as per the CHEERS guidelines for quality of reporting.
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approach offers simplicity, its use has been discouraged because of the
potential for unreliability of results (Higgins and Green, 2011).
The 36 included studies were instead assessed independently
by each reviewer using the Consolidated Health Economic Eva-
luation Reporting Standards (CHEERS) checklist (Husereau et al.,
2013). The CHEERS checklist was formulated to improve the
quality and transparency of the reporting of economic evaluations
with the overarching goal of supporting and facilitating inter-
pretation and comparability of results. The approach taken in this
paper was to organise the quality assessment by CHEERS items.
Table 2 gives an overview of the quality of studies as per the
CHEERS guidelines.
3.3. Study descriptors (CHEERS items 1–3, 10)
Cost beneﬁt analysis (CBA) was the dominant method of eco-
nomic appraisal undertaken, with 32 of the 36 included studies
reporting results as cost per unit of beneﬁt or as cost beneﬁt ratios
(CHEERS item 10) (Krag, 2007; Sælensminde, 2004; AECOM, 2010;
Beale et al., 2012; Buis and Wittink, 2000; Co and Vautin, 2014;
Cope et al., 2010; COWI and the City of Copenhagen; Deenihan and
Caulﬁeld, 2014; Department for Transport, 2014; Fishman et al.,
2011; Foltýnová and Kohlová, 2002; Gotschi, 2011; Guo and Gan-
davarapu, 2010; Li and Faghri, 2014; Lind et al., 2005; Macmillan
et al., 2014; Meggs, Schweizer; PricewaterhouseCoopers, 2009;
Rabl and De Nazelle, 2012; Saari et al., 2007; Schweizer and Rupi,
2014; Sinclair Knight and PricewaterhouseCoopers, 2011; Sinnett
and Powell, 2012; SQW Consulting, 2007, 2008; Stokes et al., 2008;
Sustrans Scotland, 2013; Transport for Greater Manchester, 2011;
Transport for London, 2004; Wang et al., 2005; Wilson and Cope,
2011). Cost effectiveness analysis (CEA) was performed in ﬁve
papers, reporting results as cost per disability adjusted life-year
(DALY) averted (Cobiac et al., 2009; Dallat et al., 2014; Moodie
et al., 2009, 2011) or quality adjusted life-year (QALY) gained (Beale
et al., 2012) (CHEERS item 10). It should be noted however that the
terms CEA and cost utility analysis (CUA) are used interchangeably
in the literature (Drummond et al., 2005) and that one study
undertook both CBA and CUA (Beale et al., 2012). Less than half of
all included studies clearly identiﬁed the study as an economic
evaluation as per the CHEERS guidelines (Krag, 2007; Sæle-
nsminde, 2004; AECOM, 2010; Beale et al., 2012; Co and Vautin,
2014; Cope et al., 2010; COWI and the City of Copenhagen; Fol-
týnová and kohlová, 2002; Guo and Gandavarapu, 2010; Li and
Faghri, 2014; Meggs, Schweizer; PricewaterhouseCoopers, 2009;
Sinnett and Powell, 2012; Wang et al., 2005; Cobiac et al., 2009;
Moodie et al., 2009, 2011) (CHEERS item 1).
Only 14 papers (Sælensminde, 2004; AECOM, 2010; Cope et al.,
2010; Foltýnová and kohlová, 2002; Li and Faghri, 2014; Lind et al.,
2005; Meggs, Schweizer; Sinnett and Powell, 2012; Stokes et al.,
2008; Transport for Greater Manchester, 2011; Wang et al., 2005;
Dallat et al., 2014; Moodie et al., 2009, 2011) reported the inter-
vention being evaluated in the title of the study as recommended
by the CHEERS guidelines (CHEERS item 1). Seventeen studies (47%
of included studies) undertook analyses of hypothetical interven-
tions or scenarios (Table 3). Six studies (17% of included studies)
evaluated proposed interventions and thirteen studies (36% of
included studies) examined implemented interventions (Table 3).
The majority of studies (n¼29) assessed the economic credentials
of hypothetical, proposed or implemented cycling and walking
infrastructure or facilities (Krag, 2007; Sælensminde, 2004;
Table 3
Interventions included in the review
Type of intervention evaluated Studies included Intervention
Hypothetical interventions AECOM (2010) Cycling infrastructure
Beale et al. (2012) Multi-use trail, Cycling/walking infrastructure
Buis and Wittink (2000) Cycling infrastructure
Co and Vautin (2014) Congestion charging, Cycling/walking infrastructure
Department for Transport (2014) Cycling/walking infrastructure
Fishman et al. (2011) Active transport to school program
Foltynova and Kohlova (2002) Cycling infrastructure
Gotschi (2011) Cycling infrastructure
Guo and Gandavarapu (2010) Cycling/walking infrastructure
Krag (2007) Cycling infrastructure
Lind et al. (2005) Cycling infrastructure
Macmillan et al. (2014) Cycling infrastructure
PricewaterhouseCoopers (2009) Cycling infrastructure
Saari et al. (2007) Cycling infrastructure
Schweizer and Rupi (2014) Cycling infrastructure
Sinclair Knight and PricewaterhouseCoopers (2011) Cycling/walking infrastructure
Transport for London (2004) Cycling infrastructure, Cycle education programs
Proposed interventions Dallat et al. (2014) Urban greenway incorporating active transport infrastructure
Deenihan and Caulﬁeld (2014) Cycling infrastructure
Li and Faghri (2014) Cycling infrastructure
Meggs and Schweizer (n.d.) Cycling infrastructure
Stokes et al. (2008) Light rail infrastructure
Transport for Greater Manchester (2011) Cycling infrastructure
Implemented interventions Cobiac et al. (2009) TravelSmart program
Cope et al. (2010) English Cycling Town investment program
COWI and the City of Copenhagen (n.d.) Cycling infrastructure
Moodie et al. (2009) Walking School Bus program
Moodie et al. (2011) TravelSmart Schools program
Rabl and de Nazelle (2012) Bicycle share scheme
Saelensminde (2004) Cycling infrastructure
Sinnett and Powell (2012) Living Streets program
SQW Consulting (2007) Cycling/walking infrastructure, Cycle education programs
SQW Consulting (2008) Cycling infrastructure
Sustrans Scotland (2013) Cycling/walking infrastructure
Wang et al. (2005) Cycling/walking infrastructure
Wilson and Cope (2011) Cycling/walking infrastructure
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AECOM, 2010; Beale et al., 2012; Buis and Wittink, 2000; Co and
Vautin, 2014; COWI and the City of Copenhagen; Deenihan and
Caulﬁeld, 2014; Department for Transport, 2014; Foltýnová and
Kohlová, 2002; Gotschi, 2011; Guo and Gandavarapu, 2010; Li and
Faghri, 2014; Lind et al., 2005; Macmillan et al., 2014; Meggs,
Schweizer; PricewaterhouseCoopers, 2009; Saari et al., 2007;
Schweizer, Rupi; Sinclair Knight and PricewaterhouseCoopers,
2011; Sinnett and Powell, 2012; SQW Consulting, 2007; SQW
Consulting, 2008; Sustrans Scotland, 2013; Transport for Greater
Manchester, 2011; Transport for London, 2004; Wang et al., 2005;
Wilson and Cope, 2011; Dallat et al., 2014) (Table 3).
The abstracts of academic papers were generally more succinct
and targeted than the abstracts of studies found in the grey lit-
erature (CHEERS item 2). The context and relevance of the studies
also differed between peer-reviewed and grey literature (CHEERS
item 3). Generally, peer-reviewed studies presented a case for the
inclusion of health outcomes of transport interventions or as-
sessed changes in population health attributable to active trans-
port and were undertaken to build the evidence for the inclusion
of physical activity related health effects into transport appraisal
(Sælensminde, 2004; Beale et al., 2012; Deenihan and Caulﬁeld,
2014; Gotschi, 2011; Guo and Gandavarapu, 2010; Macmillan et al.,
2014; Rabl and De Nazelle, 2012; Schweizer, Rupi; Stokes et al.,
2008; Wang et al., 2005; Cobiac et al., 2009; Dallat et al., 2014;
Moodie et al., 2009 2011). Studies from the grey literature and
reference list searches were mostly reports developed by govern-
ment or non-government organisations, with several of the eco-
nomic evaluations being undertaken as supporting case-studies or
as part of broader guiding documents (AECOM, 2010; Co and
Vautin, 2014; Cope et al., 2010; COWI and the City of Copenhagen;
Fishman et al., 2011; Li and Faghri, 2014; Meggs, Schweizer; Pri-
cewaterhouseCoopers, 2009; Sinclair Knight and Pricewaterhou-
seCoopers, 2011; Sinnett and Powell, 2012; SQW Consulting, 2007,
2008; Sustrans Scotland, 2013; Transport for Greater Manchester,
2011; Wilson and Cope, 2011).
3.4. Methods (CHEERS items 4-17)
3.4.1. Target population and subgroups (CHEERS item 4)
Health consequences of physical inactivity vary for adults and
children and therefore clear reporting of an interventions target
population is required to assess whether appropriate health out-
comes are being evaluated and whether an intervention is cost-
effective. Only 10 of the 36 included studies explicitly described
age ranges or gave some clear indication of the intervention target
population (for example, the adult population) (AECOM, 2010;
Beale et al., 2012; Co and Vautin, 2014; Fishman et al., 2011; Fol-
týnová and Kohlová, 2002; Sinclair Knight and Pricewaterhouse-
Coopers, 2011; Wilson and Cope, 2011; Cobiac et al., 2009; Moodie
et al., 2009, 2011). Three interventions targeted children ex-
clusively (Fishman et al., 2011; Moodie et al., 2009, 2011). Sub-
group analyses, for example by age cohort or by socioeconomic
position (SEP), were not undertaken in any of the included studies.
3.4.2. Setting and location (CHEERS item 5)
Studies were undertaken in France (Rabl and De Nazelle, 2012),
Norway (Sælensminde, 2004), the Czech Republic (Foltýnová and
Kohlová, 2002), Denmark (Krag, 2007; COWI and the City of Co-
penhagen), Sweden (Lind et al., 2005), Finland (Saari et al., 2007)
and the Netherlands (Buis and Wittink, 2000). Two studies looked
at interventions in a number of European cities (Meggs, Schwei-
zer; Schweizer and Rupi, 2014). Nine studies were undertaken in
England (Beale et al., 2012; Cope et al., 2010; Department for
Transport, 2014; Sinnett and Powell, 2012; SQW Consulting, 2007,
2008; Transport for Greater Manchester, 2011; Transport for Lon-
don, 2004; Wilson and Cope, 2011), one in Scotland (Sustrans
Scotland, 2013), one in Ireland (Deenihan and Caulﬁeld, 2014) and
one in Northern Ireland (Dallat et al., 2014). Six studies were un-
dertaken in the United States (Co and Vautin, 2014; Gotschi, 2011;
Guo and Gandavarapu, 2010; Li and Faghri, 2014; Stokes et al.,
2008; Wang et al., 2005), one in New Zealand (Macmillan et al.,
2014) and seven studies were undertaken in Australia (AECOM,
2010; Fishman et al., 2011; PricewaterhouseCoopers, 2009; Sinclair
Knight and PricewaterhouseCoopers, 2011; Cobiac et al., 2009;
Moodie et al., 2009, 2011). Due to the nature of the interventions
examined, the majority of the studies were conducted in com-
munity settings amongst the general population.
3.4.3. Study perspective and comparators (CHEERS items 6-7)
Determining the appropriate health outcomes and resources
and methods for quantifying and valuing them is dependent on
the study perspective (Husereau et al., 2013). Only eight studies
reported their perspectives explicitly. Four applied a health sector
perspective (Stokes et al., 2008; Wang et al., 2005; Cobiac et al.,
2009; Dallat et al., 2014), one a public payer perspective (Krag,
2007), two a societal perspective (Moodie et al., 2009, 2011) and
one used both a health sector and a societal perspective (Beale
et al., 2012). Economic evaluation entails the incremental assess-
ment of both the costs and beneﬁts of an intervention against an
alternative option. Shortcomings in reporting comparison scenar-
ios were observed with less than one third indicating them ex-
plicitly (AECOM, 2010; Beale et al., 2012; Co and Vautin, 2014;
Foltýnová and Kohlová, 2002; Sinclair Knight and Pricewa-
terhouseCoopers, 2011; Wilson and Cope, 2011; Cobiac et al.,
2009; Moodie et al., 2009, 2011), although a “do-nothing” com-
parator may have been implied particularly for the relatively large
number of studies evaluating new cyclists and infrastructure.
3.4.4. Time horizon and discounting (CHEERS items 8-9)
Reporting of time horizons and discount rates in the included
studies was variable. Time horizons were reported in 30 of the
included studies (Krag, 2007; Sælensminde, 2004; AECOM, 2010;
Beale et al., 2012; Buis and Wittink, 2000; Co and Vautin, 2014;
Cope et al., 2010; Deenihan and Caulﬁeld, 2014; Department for
Transport, 2014; Fishman et al., 2011; Foltýnová and Kohlová,
2002; Gotschi, 2011; Guo and Gandavarapu, 2010; Li and Faghri,
2014; Macmillan et al., 2014; Meggs, Schweizer; Pricewaterhou-
seCoopers, 2009; Rabl and De Nazelle, 2012; Schweizer, Rupi;
Sinclair Knight and PricewaterhouseCoopers, 2011; Sinnett and
Powell, 2012; SQW Consulting, 2007; Transport for Greater Man-
chester, 2011; Transport for London, 2004; Wang et al., 2005;
Wilson and Cope, 2011; Cobiac et al., 2009; Dallat et al., 2014;
Moodie et al., 2009, 2011), ranging from one year to lifetime
horizons. Discount rates were explicitly reported in 25 of the in-
cluded studies (Krag, 2007; Sælensminde, 2004; AECOM, 2010;
Beale et al., 2012; Buis and Wittink, 2000; Co and Vautin, 2014;
Cope et al., 2010; Deenihan and Caulﬁeld, 2014; Department for
Transport, 2014; Fishman et al., 2011; Foltýnová and Kohlová,
2002; Gotschi, 2011; Guo and Gandavarapu, 2010; Li and Faghri,
2014; Lind et al., 2005; Meggs, Schweizer; PricewaterhouseCoo-
pers, 2009; Sinclair Knight and PricewaterhouseCoopers, 2011;
Sinnett and Powell, 2012; Transport for Greater Manchester, 2011;
Transport for London, 2004; Cobiac et al., 2009; Dallat et al., 2014;
Moodie et al., 2009, 2011). Choice of discount rate ranged from
2.5% (Fishman et al., 2011) to 7% (AECOM, 2010; Fishman et al.,
2011; Foltýnová and Kohlová, 2002; PricewaterhouseCoopers,
2009; Sinclair Knight and PricewaterhouseCoopers, 2011). The
base year of the study was clearly reported in 21 studies
(Sælensminde, 2004; AECOM, 2010; Beale et al., 2012; Buis and
Wittink, 2000; Co and Vautin, 2014; Cope et al., 2010; COWI and
the City of Copenhagen; Department for Transport, 2014; Fishman
et al., 2011; Costs, 2011; Guo and Gandavarapu, 2010; Li and
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Faghri, 2014; PricewaterhouseCoopers, 2009; Sinclair Knight and
PricewaterhouseCoopers, 2011; Transport for London, 2004; Wang
et al., 2005; Cobiac et al., 2009; Dallat et al., 2014; Moodie et al.,
2009, 2011) and the majority of studies reported the currency for
costs and beneﬁts (Krag, 2007; Sælensminde, 2004; AECOM, 2010;
Beale et al., 2012; Buis and Wittink, 2000; Cope et al., 2010; COWI
and the City of Copenhagen; Deenihan and Caulﬁeld, 2014; De-
partment for Transport, 2014; Fishman et al., 2011; Fotýnová and
Kohlová, 2002; Lind et al., 2005; Macmillan et al., 2014; Meggs,
Schweizer; PricewaterhouseCoopers, 2009; Rabl and De Nazelle,
2012; Saari et al., 2007; Schweizer, Rupi; Sinclair Knight and Pri-
cewaterhouseCoopers, 2011; Sinnett and Powell, 2012; SQW
Consulting, 2007, 2008; Stokes et al., 2008; Sustrans Scotland,
2013; Transport for London, 2004; Wilson and Cope, 2011; Cobiac
et al., 2009; Dallat et al., 2014; Moodie et al., 2009, 2011).
3.4.5. Measurement of effectiveness (CHEERS item 11)
The quality of evidence for all included studies in our review
can only be considered as weak by traditional epidemiological
standards. The studies evaluating hypothetical or proposed inter-
ventions (Table 3) used differing methods for estimating effect.
Three studies applied stated willingness to change transport be-
haviours to walking or cycling, collected through surveys (Deeni-
han and Caulﬁeld, 2014; Foltýnová and Kohlová, 2002; Meggs,
Schweizer). Two studies estimated indicative diversion rates from
intercept surveys or user counts of similar active transport infra-
structure (Sinclair Knight and PricewaterhouseCoopers, 2011;
Transport for London, 2004). Three studies based estimates of ef-
fect on values from the literature (Beale et al., 2012; Department
for Transport, 2014; Dallat et al., 2014) and four studies assumed
estimates of effect (Krag, 2007; Fishman et al., 2011; Costs, 2011;
Transport for Greater Manchester, 2011). Five studies used demand
forecasting or simulation modelling (AECOM, 2010; Buis and
Wittink, 2000; Co and Vautin, 2014; Macmillan et al., 2014; Stokes
et al., 2008) and two studies applied regression analysis based on
built environment attributes to estimate demand for active travel
(Guo and Gandavarapu, 2010; Schweizer, Rupi). One study used a
combination of approaches, including using an assumed estimate
of effect based on an aspirational target, the use of survey data and
estimates of effect from the literature (PricewaterhouseCoopers,
2009). It was not clear how the estimate of effect was derived for
three hypothetical intervention studies (Li and Faghri, 2014; Lind
et al., 2005; Saari et al., 2007).
Methods for estimating effect sizes for implemented interven-
tions included in our review also differed. Eleven studies ex-
amining implemented interventions (Table 3) based effectiveness
on observed effects derived from survey or count data (Cope et al.,
2010; COWI and the City of Copenhagen; Sinnett and Powell, 2012;
SQW Consulting, 2007, 2008; Sustrans Scotland, 2013; Wang et al.,
2005; Wilson and Cope, 2011; Cobiac et al., 2009; Moodie et al.,
2009, 2011). Due to limitations of the data collected most of these
studies relied on a number of assumptions in order to derive these
effects. Rabl and de Nazelle (Rabl and De Nazelle, 2012) included a
case study of the Velib bicycle share scheme in Paris to illustrate
the potential health beneﬁts of a shift from car to active transport
however only incorporated an assumed effect estimate in their
calculations. One study based estimate of effect on assumptions
and evidence from the literature (Sælensminde, 2004). It should
also be noted that the effectiveness data of three implemented
interventions (Cobiac et al., 2009; Moodie et al., 2009, 2011) was
then extrapolated to apply to the Australian population to estimate
cost-effectiveness.
Limited detail on methods for inclusion of cross-sectional study
data (from survey or counts) was given in all relevant studies,
making it difﬁcult to comment on the overall quality of the data
and factors such as bias or seasonality. None of the studies
controlled for any possible substitution effect of a potential uptake
in utilitarian physical activity on leisure time physical activity,
probably due to a lack of rigorous evidence of any potential effect
(Gotschi, 2011).
The health beneﬁts of physical activity may accrue differently
in persons who are sedentary as compared to those who are al-
ready physically active (Warburton and Nicol, 2006), however data
were not available at the required level for the impact of these
effects to be comprehensively considered in any of the included
studies. A variety of methods were used to account for a lack of
rigorous evidence on health beneﬁt accrual in different groups. In
some studies, the effect of an increase in physical activity as a
result of an intervention only accrued in persons who were pre-
viously inactive (Co and Vautin, 2014; Foltýnová and Kohlová,
2002; Sinclair Knight and PricewaterhouseCoopers, 2011) and in
one study only in obese people (Stokes et al., 2008). Effects were
included only for new users in two studies of cycling interventions
(PricewaterhouseCoopers, 2009; SQW Consulting, 2007), whilst
another study (Moodie et al., 2009) assumed that half of the par-
ticipants in the intervention programme were new to active
transport. Sinnett et al. Sinnett and Powell (2012) attributed 50% of
the uptake of active transport to the intervention. Only one study
controlled for “non-traders” (i.e those who would not take up
active transport despite the intervention) (AECOM, 2010).
Timing to intervention uptake was considered in four studies
included in our review. Deenihan et al. Deenihan and Caulﬁeld
(2014) assumed two years of build up to reach full use of the cy-
cleway. Cope et al. Cope et al., (2010) considered three years until
the intervention achieved the level of cycling applied as a measure
of effectiveness. In the study by Schweizer and Rupi (Schweizer,
Rupi) it was assumed that it would take 10 years to reach the bi-
cycle mode share full potential. In one study different timing
scenarios were assessed for the intervention to take effect and
health beneﬁts to be fully realised (PricewaterhouseCoopers,
2009). Only one study was speciﬁc in terms of the level of usage of
the intervention, with new cycling facilities assumed to be used at
75% of full capacity (Transport for Greater Manchester, 2011).
Methods to account for the sustainability of intervention effect
also varied between studies. Cobiac et al. (2009) assumed a level of
effectiveness decay of 50% after the ﬁrst year and Macmillan et al.
(2014) considered two years. In the hypothetical Department for
Transport intervention (Department for Transport, 2014) it was
assumed that the effect of the intervention would decay at an
annual rate of 10%. The studies by Moodie et al. (2009, 2011) as-
sumed 100% maintenance of effect. There is a risk of over-
estimating the beneﬁts of an intervention if sustainability of ef-
fects over time is not taken into consideration. This may be the
case with the remaining studies in this review.
3.4.6. Evaluation of beneﬁts/disbeneﬁts and costs (CHEERS items 13
and 14)
Our analysis highlights that a variety of potential beneﬁts/dis-
beneﬁts and cost categories have been included into the economic
evaluation of active transport interventions, with limited uni-
formity in terms of type or methodology of inclusions between
studies. These inclusions incorporate a multitude of health, social,
economic and environmental considerations. As the focus of this
review is on physical activity related health beneﬁts we present
our ﬁndings on these ﬁrst, with discussion around the inclusion of
other beneﬁts/disbeneﬁts and costs following.
3.4.6.1. Physical activity related health beneﬁts. Different metho-
dological approaches to the evaluation of health beneﬁts of in-
creased physical activity were identiﬁed in the relevant studies,
including the incorporation of mortality outcomes, morbidity
outcomes or a combination of both (Appendix C).
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Mortality outcomes – 16 studies included only mortality related
outcomes associated with an increase in physical activity (AECOM,
2010; Cope et al., 2010; Deenihan and Caulﬁeld, 2014; Department
for Transport, 2014; Li and Faghri, 2014; Macmillan et al., 2014;
Meggs, Schweizer; PricewaterhouseCoopers, 2009; Rabl and De
Nazelle, 2012; Schweizer, Rupi; Sinnett and Powell, 2012; Sustrans
Scotland, 2013; Transport for Greater Manchester, 2011; Transport
for London, 2004; Wilson and Cope, 2011) (Appendix C). Eleven
studies applied the WHO HEAT tool for walking and cycling
(Kahlmeier et al., 2014) to estimate changes in all-cause mortality
attributable to increases in physical activity levels (AECOM, 2010;
Cope et al., 2010; Deenihan and Caulﬁeld, 2014; Li and Faghri,
2014; Meggs, Schweizer; PricewaterhouseCoopers, 2009; Rabl and
De Nazelle, 2012; Schweizer, Rupi; Sinnett and Powell, 2012;
Sustrans Scotland, 2013; Wilson and Cope, 2011). Six studies al-
lowed for a period of 5 years to fully achieve health beneﬁts as a
result of the intervention as per HEAT recommendations (Kahl-
meier et al., 2014). Given the methodological limitations of the
WHO HEAT tool for use in those aged under 20 years, Cope et al.
(2010) omitted any physical activity related health beneﬁts as a
result of the intervention in children or young people despite the
potential of the intervention to change active transport behaviours
in this group (Kahlmeier et al., 2014). Conversely, Sinnett and
Powell (2012) assumed that all those affected by the intervention
were aged between 20 and 74 years so that the WHO HEAT tool
could be used.
Two studies applied the HEAT all-cause mortality relative risks
estimates indirectly, following the UK Department for Transport
WebTAG guidance (Department for Transport, 2014; Transport for
Greater Manchester, 2011). In one study avoidable deaths from car-
diovascular heart diseases, stroke and colon cancer were estimated
for those moving from physically inactive to active (Transport for
London, 2004). The study by PWC (PricewaterhouseCoopers, 2009)
included mortality outcomes for cardiovascular diseases assessed as
per published values by the Road and Trafﬁc Authority of New South
Wales for the main analysis and the HEAT tool for sensitivity testing.
In the study by PricewaterhouseCoopers different scenarios for the
full realisation of health effects were assessed (PricewaterhouseCoo-
pers, 2009). Macmillan and colleagues (Macmillan et al., 2014) ap-
plied relative risks for all-cause mortality from the literature to esti-
mate impacts of increased cycling levels assuming a two-year build
up for achieving full health effects.
Morbidity outcomes – Five studies included only morbidity related
outcomes associated with an increase in physical activity
(Sælensminde, 2004; Co and Vautin, 2014; Guo and Gandavarapu,
2010; Stokes et al., 2008; Wang et al., 2005), with different ap-
proaches taken between studies. Four studies included health effects
related to a potential change in physical activity through cost savings
of diseases averted (Sælensminde, 2004; Co and Vautin, 2014; Guo
and Gandavarapu, 2010; Stokes et al., 2008) although the speciﬁc
diseases included varied (Appendix C). Of these four studies, two
included the health care cost savings speciﬁcally related to obesity
prevention (Guo and Gandavarapu, 2010; Stokes et al., 2008). In one
case (Wang et al., 2005) physical activity related health effects were
incorporated through health care cost savings incurred from moving
from physical inactivity to physical activity.
Mortality and morbidity effects – Eleven studies included both
mortality and morbidity related outcomes associated with an in-
crease in physical activity (Beale et al., 2012; Fishman et al., 2011;
Foltýnová and Kohlová, 2002; Gotschi, 2011; Sinclair Knight and
PricewaterhouseCoopers, 2011; SQW Consulting, 2007, 2008; Cobiac
et al., 2009; Dallat et al., 2014; Moodie et al., 2009, 2011) (Appendix
C). The evaluations by SQW Consulting in 2008 (SQW Consulting,
2008) and Gotschi (2011) included morbidity effects by incorporating
health care costs saved as a result of moving from physical inactivity
to activity alongside mortality outcomes assessed with the HEAT tool.
The evaluations by SQW Consulting in 2007 (SQW Consulting, 2007)
and Foltynova & Kohlova (Foltýnová and Kohlová, 2002) incorporated
both mortality using the value of statistical life and morbidity effects
but did not use the HEAT tool. Foltynova & Kohlova (Foltýnová and
Kohlová, 2002) used a cost of illness approach for morbidity effects
and assumed a 9% decrease in mortality from cardiovascular diseases
to estimate the mortality value. Another study by SQW Consulting
(SQW Consulting, 2007) used estimates from the literature to esti-
mate the value of loss of life and savings to the health care sys-
tem. Fishman et al. (2011) assessed an intervention targeting children
accounting for mortality andmorbidity applying values from the New
Zealand Transport Agency (NZTA) for adults, supporting this decision
based on the argument of applicability posited by Genter et al. (2008).
In the cost utility studies QALYs gained (Beale et al., 2012) or
DALYs averted (Cobiac et al., 2009; Dallat et al., 2014; Moodie et al.,
2009, 2011) are both measures that include mortality and mor-
bidity outcomes. Two methodologies for inclusion of health out-
comes were identiﬁed: the Assessing Cost Effectiveness (ACE)
approach (Cobiac et al., 2009; Moodie et al., 2009, 2011) and the
PREVENT model (Dallat et al., 2014). Both methods apply the
concept of population impact fraction (PIF) to estimate the change
in future incidence of diseases. However, PREVENT is a full dy-
namic population model and incorporates only sensitivity analysis,
whereas ACE models per cohort and considers both sensitivity and
uncertainty around the input parameters. The study by Beale et al.
(2012) used both regression analysis and cost savings through
diseases averted to estimate QALY gains from an increase in phy-
sical activity. Cobiac et al. (2009) was the only study to clearly
justify the use of DALYs as a measure of health over QALYs.
Unspeciﬁed outcomes – Six studies lacked speciﬁcity of health
outcomes and it was unclear exactly what physical activity related
health beneﬁts had been included (Krag, 2007; Beale et al., 2012;
Buis and Wittink, 2000; COWI and the City of Copenhagen; Lind
et al., 2005; Saari et al., 2007). In one case internal costs for the
user and external costs for society were given, however from the
text it was not possible to identify whether these refer to mor-
tality, morbidity or other measures of health (COWI and the City of
Copenhagen). Buis & Wittink (Buis and Wittink, 2000) only con-
sidered health attributable to an increase in physical activity for
one of four case studies undertaken and values were taken from
the literature. The studies by Krag (Krag, 2007), Lind et al. Lind
et al., (2005) and Saari et al. Saari et al., (2007) applied values from
the literature (Nordic Council of Ministers, 2005) without speci-
fying end health outcomes accounted for. Krag (Krag, 2007) as-
sumed that it would take 12 years after the intervention for the
full health beneﬁts from the intervention to be achieved.
3.4.6.2. Other beneﬁts/disbeneﬁts. Cost beneﬁt studies varied
widely in terms of the other health and non-health beneﬁts and
disbeneﬁts that were included (Table 3). Whilst inﬂuenced by the
study perspective chosen, it is clear that little consensus exists
around what impacts should be included and how to include
them. Several studies were quite comprehensive in their inclusion
of a range of potential beneﬁts and disbeneﬁts (Sælensminde,
2004; AECOM, 2010; PricewaterhouseCoopers, 2009; Sinclair
Knight and PricewaterhouseCoopers, 2011; Transport for London,
2004), whilst others were not (COWI and the City of Copenhagen;
Deenihan and Caulﬁeld, 2014; Meggs, Schweizer; Schweizer, Rupi;
Stokes et al., 2008; Wang et al., 2005). Environmental effects were
the most included category (62.5% of studies), followed by the
inclusion of the effects of accidents and injuries (50% of studies).
The cost utility analyses undertaken using the ACE approach in-
corporated other factors for consideration in the decision-making
process such as equity and feasibility qualitatively (Cobiac et al.,
2009; Moodie et al., 2009, 2011).
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3.4.6.3. Costs. Costs included for infrastructure interventions were
mostly construction and maintenance costs. For policies or pro-
grammes, the included costs were mostly related to the delivery of
the programme, with four including costs to the individual and the
family (Li and Faghri, 2014; PricewaterhouseCoopers, 2009;
Moodie et al., 2009, 2011). The effect on physical activity of
complementary interventions was considered in two studies
(Sælensminde, 2004; AECOM, 2010), however no costs were
attributed to such interventions. The results of such scenarios are
therefore likely to overestimate cost effectiveness Table 4.
The quality of cost data varied, with some studies reporting
data sources and unit costs clearly and transparently
(Sælensminde, 2004; Department for Transport, 2014; Costs, 2011;
Guo and Gandavarapu, 2010; Macmillan et al., 2014; Meggs,
Schweizer; Sinclair Knight and PricewaterhouseCoopers, 2011;
Sinnett and Powell, 2012; Transport for London, 2004; Wang et al.,
Table 4
Other non-PA beneﬁts/disbeneﬁts included in the cost-beneﬁt analyses
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2005; Cobiac et al., 2009; Dallat et al., 2014; Moodie et al., 2009,
2011) whilst other studies gave limited detail (Krag, 2007; Buis
and Wittink, 2000; Co and Vautin, 2014; Cope et al., 2010; COWI
and the City of Copenhagen; Foltýnová and Kohlová, 2002; Lind
et al., 2005; Rabl and De Nazelle, 2012; Saari et al., 2007;
Schweizer, Rupi; SQW Consulting, 2008; Stokes et al., 2008; Sus-
trans Scotland, 2013; Transport for Greater Manchester, 2011;
Wilson and Cope, 2011). Five studies relied on estimates of costs
from the literature, which may be very speciﬁc to a geographical
location and therefore not necessarily generalisable to other set-
tings (Sælensminde, 2004; AECOM, 2010; Beale et al., 2012; Dee-
nihan and Caulﬁeld, 2014; PricewaterhouseCoopers, 2009). Since a
large proportion of the included studies assessed hypothetical or
modelled interventions, there is potentially a large margin of error
in the cost estimation.
3.5. Results (CHEERS items 18-21)
Results for the included cost beneﬁt analyses were reported as
ratios of beneﬁts to costs, ranging from 31.9:1 (Sinnett and Po-
well, 2012) to 59:1 (Co and Vautin, 2014). Results cannot be
combined due to the high level of heterogeneity in study design,
quality, evidence of effectiveness, outcomes considered and costs
and beneﬁts included. Fig. 2 shows the cost beneﬁt ratios from
selected studies. Twenty-six of the 32 cost beneﬁt studies reported
beneﬁts greater than costs thus indicating good value for money
based on their underlying assumptions (Krag, 2007; Sælensminde,
2004; AECOM, 2010; Beale et al., 2012; Buis and Wittink, 2000; Co
and Vautin, 2014; Cope et al., 2010; Deenihan and Caulﬁeld, 2014;
Department for Transport, 2014; Fishman et al., 2011; Costs, 2011;
Guo and Gandavarapu, 2010; Li and Faghri, 2014; Lind et al., 2005;
Macmillan et al., 2014; Meggs, Schweizer; PricewaterhouseCoo-
pers, 2009; Saari et al., 2007; Schweizer, Rupi; SQW Consulting,
2007; SQW Consulting, 2008; Sustrans Scotland, 2013; Transport
for Greater Manchester, 2011; Transport for London, 2004; Wang
et al., 2005; Wilson and Cope, 2011). One study evaluating an
implemented intervention reported results as net present value
and internal rate of return estimates (COWI and the City of Co-
penhagen). Two studies did not explicitly state cost beneﬁt ratios
but gave inputs for their calculation, one examined an im-
plemented intervention (Rabl and De Nazelle, 2012) and one ex-
amined a proposed intervention (Stokes et al., 2008).
Eight studies reporting cost beneﬁt ratios of implemented
interventions were included in our review (Sælensminde, 2004;
Cope et al., 2010; Sinnett and Powell, 2012; SQW Consulting, 2007;
SQW Consulting, 2008; Sustrans Scotland, 2013; Wang et al., 2005;
Wilson and Cope, 2011). Six of these were considered cost-effec-
tive (Sælensminde, 2004; Cope et al., 2010; SQW Consulting, 2007;
Sustrans Scotland, 2013; Wang et al., 2005; Wilson and Cope,
2011). The study by Sinnett & Powell (Sinnett and Powell, 2012)
evaluated Fitter for Walking projects in a number of locations
and applied several assumptions. It should be noted that the re-
sults of this study varied widely in terms of its cost-effectiveness
according to location and estimate of effect used. Cost effective-
ness of interventions examined by SQW Consulting (SQW Con-
sulting, 2008) also varied dependent on location examined, with
60% (3/5) of the cycling infrastructure projects considered cost-
effective.
Of the seventeen cost beneﬁt studies reporting cost beneﬁt ratios
for hypothetical interventions (Krag, 2007; AECOM, 2010; Beale et al.,
2012; Buis and Wittink, 2000; Co and Vautin, 2014; Department for
Transport, 2014; Fishman et al., 2011; Foltýnová and Kohlová, 2002;
Costs, 2011; Guo and Gandavarapu, 2010; Lind et al., 2005; Macmillan
et al., 2014; PricewaterhouseCoopers, 2009; Saari et al., 2007;
Schweizer, Rupi; Sinclair Knight and PricewaterhouseCoopers, 2011;
Transport for London, 2004), all except one (Foltýnová and kohlová,
2002) indicated beneﬁts greater than costs. Four of the proposed
interventions also reported beneﬁts greater than costs (Deenihan and
Caulﬁeld, 2014; Li and Faghri, 2014; Meggs, Schweizer; Transport for
Greater Manchester, 2011).
For the cost utility studies conducted in Australia examining
implemented interventions (Cobiac et al., 2009; Moodie et al.,
2009; Moodie et al., 2011), only one study result (Cobiac et al.,
2009) was under the commonly used threshold of AUD50,000 per
DALY averted (Vos et al., 2010). The studies utilising the ACE ap-
proach presented cost effectiveness planes and results in terms of
costs per averted DALY (Cobiac et al., 2009; Moodie et al., 2009;
Moodie et al., 2011). In the study by Cobiac et al. Cobiac et al.,
(2009), an intervention pathway for the base case scenario and
sensitivity analyses were presented, indicating howmuch health is
gained by cumulatively adding each intervention from the most to
the least efﬁcient
Beale et al. (2012) reported incremental cost effectiveness ra-
tios (ICERs) and a comparative analysis indicating the conditions
required under each approach for the results to be most similar for
two hypothetical scenarios. In the UK a threshold of d20,000 to
Fig. 2. Selected cost beneﬁt ratios by intervention (where included studies reported more than one beneﬁt cost ratio (BCR) the smallest value was used, except in the case of
Schweizer and Rupi (2014) where only average BCR value was clearly presented. It should also be noted that the direct comparison of results between studies is not
recommended due to differences in methodologies between studies).
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d30,000 per QALY is the standard applied (McCabe et al., 2008), in
which case estimates of d94 per QALY to d9439 per QALY are
considered cost effective. In the study by Dallat et al. (2014), re-
sults were presented for each of the three evaluated scenarios in
terms of costs per averted DALY, ranging from approximately
d4470 per DALY to just over d18,400 per DALY.
Our analysis indicates some confusion in the literature on the
different meanings of sensitivity and uncertainty analysis. In sen-
sitivity analysis (or deterministic sensitivity analysis) input para-
meters are changed manually to evaluate the sensitivity of the
model’s outputs to speciﬁc input parameters (Briggs et al., 2012).
Model outputs can be tested by changing one input parameter at a
time (one-way sensitivity analysis) or a group of them simulta-
neously (multi-way sensitivity analysis). Sensitivity analyses were
performed in 22 of the 36 included studies (Sælensminde, 2004;
AECOM, 2010; Beale et al., 2012; Cope et al., 2010; $author1$ et al.,
COWI and the City of Copenhagen; Deenihan and Caulﬁeld, 2014;
Fishman et al., 2011; FOLTÝNOVÁ and KOHLOVÁ, 2002; Li and
Faghri, 2014; Macmillan et al., 2014; Meggs, Schweizer; Pricewa-
terhouseCoopers, 2009; Schweizer, Rupi; Sinclair Knight and Pri-
cewaterhouseCoopers, 2011; Sinnett and Powell, 2012; Stokes
et al., 2008; Wang et al., 2005; Cobiac et al., 2009; Dallat et al.,
2014; Moodie et al., 2009, 2011), although only four studies ex-
plicitly reported it (Beale et al., 2012; Dallat et al., 2014; Moodie
et al., 2009, 2011). The study by MacMillan et al (Macmillan et al.,
2014) was the only study to perform multi-way sensitivity analy-
sis, with the others performing one-way analysis.
The input parameters most commonly tested for sensitivity in-
cluded discount rates, intervention effects, intervention costs, inter-
vention time decay and lag time for disease. In one case (Cobiac et al.,
2009) the intervention became cost ineffective when the effect decay
rate was varied from 75% to 100% in the ﬁrst year. The intervention
assessed by Dallat et al. (2014) became cost ineffective when the
discount rate was changed to 5% for one of the assessed scenarios
(scenario A 2% shift from inactive to active). In the study by Macmillan
et al. (2014) results were sensitive to assumptions regarding safety in
numbers, which relates to the non-linear relationship between the
number of road injuries and number of people engaging in active
transport (whereby more people walking and cycling may result in
fewer accidents) (Jacobsen, 2003).
There are different types of uncertainty: parameter uncertainty
and structural uncertainty (Briggs et al., 2006). Parameter un-
certainty is also commonly tested in probabilistic sensitivity ana-
lysis (Briggs et al., 2012) and refers to the uncertainty introduced
into the model by uncertainty in the input variables. Structural
uncertainty refers to uncertainty due to assumptions made in the
model, and model structure. Uncertainty around selected input
parameters was performed in seven of the included studies
(Macmillan et al., 2014; Rabl and De Nazelle, 2012; Stokes et al.,
2008; Wang et al., 2005; Cobiac et al., 2009; Moodie et al., 2009;
Moodie et al., 2011). Only four studies provided detailed in-
formation in terms of input parameter distributions and the as-
sumptions made to account for uncertainty (Macmillan et al.,
2014; Cobiac et al., 2009; Moodie et al., 2009, 2011). The study by
MacMillan et al (Macmillan et al., 2014) was the only study to
report performing structural uncertainty analysis.
3.6. Assumptions, limitations and generalisablity of studies (CHEERS
item 22)
Transport interventions by their very nature can be extremely
context speciﬁc and therefore inputs to the analyses and results
are difﬁcult to generalise between studies. Transport behavioural
change is complex and modal choice is inﬂuenced by a number
of factors, such as individual preference, the built environment,
topography and climate, culture and perceptions of safety
(Giles-Corti and Donovan, 2002). Context speciﬁc interventions
require context speciﬁc input parameters however our analysis
has shown that many studies rely on generalised input para-
meters (for example, for effectiveness, cost estimates, health
beneﬁts), which may potentially limit the reliability of results.
All of the included studies relied on a number of assumptions,
most of which have been highlighted in the previous sections.
Assumptions made most commonly related to the lack of effec-
tiveness data, with other commonly cited limitations including a
reliance on self-reported data and the potential for bias (Beale
et al., 2012; Deenihan and Caulﬁeld, 2014), low response rate
(Moodie et al., 2011), the attenuation of intervention effect over
time (Department for Transport, 2014; Macmillan et al., 2014;
Cobiac et al., 2009) and limited evidence on the time lag between
intervention and health effect. In those studies that considered
health beneﬁts of active and inactive people, an assumption had to
be made regarding the threshold level of physical activity above
which people were deemed to be active. For instance, in the re-
search by Gotschi (2011) a 30 min per day cut off was assumed.
Saelensminde (Sælensminde, 2004) assumed that health beneﬁts
only accrued to 50% of new pedestrians and cyclists, arguing that
otherwise health beneﬁts would be overestimated.
Two studies explicitly stated linearity in health effects (Beale
et al., 2012; Macmillan et al., 2014). Despite this being implicit in
the majority of studies, reporting of this assumption was not the
norm. Only one study explicitly reported that individuals were
100% compliant with the extra physical activity induced by the
intervention (Beale et al., 2012). An increase in walking as a result
of the intervention was assumed to grow in line with the popu-
lation in the study by Macmillan et al. (2014). An increase in cy-
cling was assumed to grow at a rate of 5% in the evaluation by
Sustrans Scotland (2013).
The WHO HEAT tool uses estimates for health from the Danish
population (Kahlmeier et al., 2014). Studies applying the WHO HEAT
tool therefore are based on the underlying assumption that the
subject population is similar to that of the Danish population, which
is unlikely to be the case for some of the included interventions.
3.7. Source of funding and conﬂicts of interest (CHEERS items 23-24)
Only 16 of the 36 included studies were from peer-reviewed
sources and therefore more likely to have been through a rigorous
evaluation process (Sælensminde, 2004; Beale et al., 2012; Co and
Vautin, 2014; Deenihan and Caulﬁeld, 2014; Costs, 2011; Guo and
Gandavarapu, 2010; Li and Faghri, 2014; Macmillan et al., 2014;
Rabl and De Nazelle, 2012; Schweizer, Rupi; Stokes et al., 2008;
Wang et al., 2005; Cobiac et al., 2009; Dallat et al., 2014; Moodie
et al., 2009, 2011). This is an indication that special care should be
taken in the interpretation of results of some of the analyses, as
well as potential funding sources for conducting the studies.
4. Discussion
The aim of this review was to provide a current overview of the
state of the literature regarding the inclusion of physical activity
related health effects into transport appraisal. Our analysis gives
an overview of the methodological challenges in the incorporation
of broader health effects into transport appraisal, and highlights
the lack of an agreed approach to the inclusion of physical activity
effects into transport economic evaluation.
A comprehensive search strategy was developed so as to avoid
missing relevant studies. Despite our best efforts, the wide range
of terminologies used in the active transport area means that some
studies may have been missed. This study did not consider com-
parative risk assessments or health impact assessments as they did
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not ﬁt the study inclusion criteria of having undertaken a CBA,
CUA or CEA. In addition, this review may be susceptible to pub-
lication bias as it is possible that only the most cost-effective in-
terventions have been reported.
Heterogeneity of study methods and approaches made a meta-
analysis unfeasible. Studies included in our review varied greatly
in terms of the active transport interventions that they evaluated
and other relevant contextual factors.
It is clear that the advent of the WHO HEAT tool for walking and
cycling (Kahlmeier et al., 2014) has led to more interest in the in-
clusion of physical activity related health effects into transport ap-
praisal. The review by Cavill et al. (2008) identiﬁed only 16 studies,
whereas our study included 36 studies. This is despite the fact that
Cavill’s review used wider inclusion criteria by including economic
valuations of any kind whereas our review examined only full eco-
nomic evaluations, or more speciﬁcally CBAs, CEAs and CUAs (Ta-
ble 1). For example, Cavill et al included the study by Rutter (2006)
whereas our review excluded this study as it did not consider costs.
Whilst there have been notable improvements since the ori-
ginal publication by Cavill et al. (2008) in terms of harmonisation
of estimation techniques applied for mortality related physical
activity outcomes, our analysis suggests that many of the issues
highlighted in the Cavill et al. review remain. Slightly over 50 per
cent of studies included in our review and published after HEAT
inception have applied the tool. However, the current version of
HEAT only incorporates mortality effects of an uptake in walking
or cycling. Therefore those studies seeking to incorporate mor-
bidity as well as mortality effects are still using differing methods.
A novel approach developed in recent years is the Integrated
Transport and Health Impact Modelling (ITHIM) tool developed
by Woodcock et al. (2013), which serves to measure the impact of
transport policies on health outcomes related to changes in phy-
sical activity including mortality, morbidity and exposure to road
injuries and air pollution. The ITHIM has however only been ap-
plied to conduct health impact assessments, and therefore is not
included in this review.
Our analysis of the literature using the CHEERS checklist
(Husereau et al., 2013) has highlighted that signiﬁcant scope exists
to improve the rigour of effectiveness analyses being used. The
majority of studies included in our review examined the economic
credentials of hypothetical or proposed active transport inter-
ventions. This is expected given the relative importance of eco-
nomic evaluation in the decision-making process in both the
health and more speciﬁcally the transportation sectors. However
the level of uncertainty of an economic evaluation relies partially
on the sum of its inputs and this highlights one of the complexities
of establishing rigorous estimates of impact of active transport
interventions on which to base analyses.
Our review of the literature suggests that the quality of effective-
ness data used for evaluating implemented interventions is only
marginally better than that used to evaluate hypothetical interven-
tions. All evaluations required a number of assumptions in terms of
effectiveness, including those evaluating implemented interventions.
Whilst it is recognised that the collection of high quality evidence of
effectiveness in this area is challenging (Saunders et al., 2013; Mac-
millan et al., 2014; National Institute for Health and Clinical Ex-
cellence, 2008; Ogilvie et al., 2004), this highlights the importance of
incorporating rigorous and comprehensive evaluation programmes
into interventions prior to implementation. There is enormous variety
in the structure, form and purpose of transport related interventions.
Often health is a secondary consideration to the primary purpose of a
transport intervention, which may be to ease road congestion or to
address environmental concerns. Whatever the primary purpose of
the intervention, a more thorough and considered approach to the
measurement of impact on rates of walking and cycling is required.
Whilst it has been suggested that more appropriate and
feasible levels of evidence be used in the evaluation of effective-
ness of transport and built environment interventions (Pratt et al.,
2012; Sallis, 2014), it is important that these more feasible levels of
evidence retain enough rigour to be able to draw conclusions. For
instance, much of the research treats walking and cycling as a
single behaviour, although they may have different correlates
(Giles-Corti and Donovan, 2002; Oja et al., 2011; Dalton et al.,
2013) and the potential health beneﬁts between them may differ
(Andersen et al., 2000; WHO, 2010). Data also rarely exists on pace,
intensity and magnitude of active transport, precluding more
rigorous analysis. None of the studies included in our review
adequately dealt with the residual confounding that may exist, for
example due to the effect of active commuters having higher rates
of physical activity but also potentially being more health con-
scious and living a more healthful life through diet and other
health-related behaviours. The current evidence base is limited,
and it is clear that more and better quality evaluation of im-
plemented interventions is required to provide better data on
transport behaviours. This is particularly important then given the
proportion of studies that are reliant on evidence from the lit-
erature on which to base their analyses.
The generalisability of study ﬁndings should however also be
approached with caution. Transport interventions can be highly si-
tuation speciﬁc and the potential impact of a range of factors that
may inﬂuence modal choice should be considered (Saunders et al.,
2013). Many of the included studies in our review relied on estimates
from the literature, with no guarantees that such estimates would
prove reliable in different contexts. The assumptions made about
transferability of data from one setting to another is a concern, as
noted by Cavill et al. in 2008 – and our analysis suggests these as-
sumptions remain a concern several years after the issue was ﬁrst
highlighted.
Difﬁculties also exist in terms of deﬁning and measuring target
populations of environmental interventions, with included studies
again limited by data. For instance, the WHO HEAT tool was pri-
marily designed for use in the adult population (aged 20-64 years
for cycling and aged 20-74 years for walking) due to the fact that
evidence for calculating relative risks in children and teens is
not currently deemed sufﬁcient. The application of values based
on adult relative risks in studies such as Fishman et al. Fishman
et al., (2011) and as recommended by the New Zealand Transport
Agency (NZTA) (Genter et al., 2008) highlights the need for more
evidence to be generated to better inform results across the
spectrum of target populations. Active transport interventions
may have an impact on the travel behaviours of children and
young people, and a more appropriate representation of these
potential beneﬁts would be preferable to using adult values or
simply omitting any possible effect (Cope et al., 2010). More robust
evidence is required on the potential health beneﬁts of walking
and cycling for transport in children and youth, despite the in-
herent challenges presented by the fact that many of these po-
tential health beneﬁts may be realised over long time horizons.
Approaches to the measurement of physical activity varied
widely between studies, which was another issue highlighted by
Cavill et al. several years ago. Recent studies have used a range of
measures, including the number of new users, the percentage of
all trips shifted to active transport, number of trips, MET minutes
per week spent in active transport, time spent in active transport,
the proportion of physically inactive that became active, vehicle
miles saved and distance walked or cycled. The WHO HEAT tools
require data on the number of people walking or cycling as a result
of an intervention and the average time spent (which can be cal-
culated by using duration, distance, trips or steps). A more con-
sistent approach to measuring physical activity as a result of active
transport interventions may prove more useful, could facilitate
comparison and may minimise the number of assumptions
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required to estimate a change in travel behaviours.
Scope also exists for a more standardised approach to the in-
clusion of beneﬁts and disbeneﬁts into the economic evaluation of
transport projects. It is interesting to note that those studies that
sought to include a more comprehensive range of possible beneﬁts
and disbeneﬁts into their analyses were mostly from the grey lit-
erature (AECOM, 2010; PricewaterhouseCoopers, 2009; Sinclair
Knight and PricewaterhouseCoopers, 2011; Transport for London,
2004), with one exception (Sælensminde, 2004). Studies found
within the academic literature tended to focus on the inclusion
of health beneﬁts related to physical activity, with little regard
to other possible impacts. This suggests that despite growing
awareness of the need for a more multi-sectoral approach to in-
creasing physical activity incorporating health, environmental,
transport and other sectors (Mindell et al., 2011; Kahlmeier et al.,
2010; Krizek et al., 2009), more work is required to put this theory
into practice. At present there still seems to be a focus on single
sector consequences of public policies and programme, within the
academic literature at least, where more of a systems approach
may prove more useful (Galea et al., 2010).
Two of the studies included in our review discussed the propor-
tion of overall beneﬁt attributable to physical activity related health
beneﬁts as part of their analyses (Beale et al., 2012; Cope et al., 2010).
Whilst this highlights the importance of the inclusion of physical
activity related health effects into transport evaluation it is important
that studies do not overstate relative importance, especially given the
wide variation in beneﬁts and disbeneﬁts included between studies.
Such statements are more valid in studies that incorporate a wider
range of beneﬁts and disbeneﬁts (Cope et al., 2010) than those that
only include a limited range in their analysis (Beale et al., 2012).
Our analysis highlights that more consistency and transparency
in reporting economic evaluations of transport interventions in-
corporating health outcomes is needed, and tools such as the
CHEERS guidelines (Husereau et al., 2013) should be used more
widely and consistently. There is great scope for improvement in
the reporting of study perspectives, comparators, time horizons,
evidence for effectiveness, choice of discount rates, assumptions
and the costs and beneﬁts included in the analyses. A lack of
transparency limits both the application of study results and po-
tential advances in methodologies for the incorporation of physical
activity related health effects into transport economic appraisals.
Finally, our analysis suggests that active transport projects should
be considered based on a wide range of their potential merits, such as
the ability to reduce trafﬁc congestion, but also on their health and
environmental beneﬁts. This will result in the more efﬁcient alloca-
tion of scarce transport resources, with more informed transport
decision making leading to transport systems that encourage a variety
of modes of transport based on their relative value. From a public
health perspective, this may result in an increase in incidental phy-
sical activity across populations as the incorporation of physical ac-
tivity related health beneﬁts contribute to the cost effectiveness of
active transport policies and programmes.
5. Conclusion
Our review demonstrates that whilst important progress has been
made towards more routine recognition of active transport health
beneﬁts in transport planning, there is still more work to be done.
Increasing evidence suggests that the health effects of active trans-
port behaviours may be more far-reaching than the effect of injuries
and emissions, to include physical activity related health beneﬁts and
even possible beneﬁts related to mental health and quality of life.
Better understanding is required of the effect of transport in-
terventions on transport behaviours and the ways that both
mortality and morbidity related health effects can be taken into
account. Research time and effort should be placed on under-
standing and incorporating the broad range of health beneﬁts into
transport appraisal, so that better informed decision-making can
ensure the most efﬁcient allocation of society's scarce resources. At
present, a signiﬁcant degree of uncertainty exists on the effec-
tiveness and impact of interventions (Saunders et al., 2013; Ogilvie
et al., 2007; Yang et al., 2010) and this uncertainty is reﬂected in
subsequent economic evaluations. A more uniform and compre-
hensive approach to measurement of physical activity behaviours
across populations would assist, as would more attention to clear
and transparent reporting of economic evaluations.
Positive steps are being taken and it is very encouraging
that more studies are being generated into the important links
between transport, health and the environment. This growing
body of evidence has the potential for future positive public health
ramiﬁcations, through more transparent, comprehensive and
fair appraisal of active versus motorised transport policies and
programmes.
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APPENDIX A. Search Strategy
Academic database Transport terms Health terms Economic terms
Web of Science All databases
included
“active trans*” OR “active travel”
OR “public trans*” OR travel OR
“travel mode” OR “transport*
policy” OR “Non-motori?ed
transport*” OR “non-mechani?ed
“Physical activit*” OR” physical
ﬁtness” OR exercise OR “Physical
inactivit*” OR sedentar* OR “Body
Mass Index” OR “Health effects”
OR obesity
Economic, OR “economic eva-
luation” OR “economic model*”
OR “Cost beneﬁt” OR “cost
beneﬁt analysis” OR “beneﬁt
cost” OR “Cost effective*” OR
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transport*” OR “Motori?ed trans-
port*” OR “mechani?ed trans-
port*” OR Walk* OR pedestrian*
OR bicyc* OR bike OR “motor
vehicle” OR “automobile” OR bus
OR Train OR rail OR “light rail” OR
Commut* OR trail* OR “urban
design” OR “land use” OR “urban
policy”
“CE analysis” OR “Health eco-
nomic assessment tool” OR
“Integrated Transport and
Health Impact Modelling Tool”
OR “Integrated Transport and
Health Impact Modeling Tool”
OR “Health care costs” OR “Cost
utility analysis” OR “cost utility”
OR “Cost savings” OR “social
audit” OR “cost consequence”
OR “planning balance sheet” OR
“programme budgeting and
marginal analysis” OR “ﬁnancial
management improvement
programme”
Scopus “active trans*” OR “active travel”
OR “public trans*” OR travel OR
“travel mode” OR “transport*
policy” OR “Non-motori?ed
transport*” OR “non-mechani?ed
transport*” OR “Motori?ed trans-
port*” OR “mechani?ed trans-
port*” OR Walk* OR pedestrian*
OR bicyc* OR bike OR “motor
vehicle” OR “automobile” OR bus
OR Train OR rail OR “light rail” OR
Commut* OR trail* OR “urban
design” OR “land use” OR “urban
policy”
“Physical activit*” OR” physical
ﬁtness” OR exercise OR “Physical
inactivit*” OR sedentar* OR “Body
Mass Index” OR “Health effects”
OR obesity
Economic, OR “economic eva-
luation” OR “economic model*”
OR “Cost beneﬁt” OR “cost
beneﬁt analysis” OR “beneﬁt
cost” OR “Cost effective*” OR
“CE analysis” OR “Health eco-
nomic assessment tool” OR
“Integrated Transport and
Health Impact Modelling Tool”
OR “Integrated Transport and
Health Impact Modeling Tool”
OR “Health care costs” OR “Cost
utility analysis” OR “cost utility”
OR “Cost savings” OR “social
audit” OR “cost consequence”
OR “planning balance sheet” OR
“programme budgeting and
marginal analysis” OR “ﬁnancial
management improvement
programme”
EBSCOHost Databases in-
cluded: Business Source
Complete, CINAHL Com-
plete, Health Economic
Evaluation Database, Med-
Line Complete, PsycInfo,
SportDiscus.
“active trans*” OR “active travel”
OR “public trans*” OR travel OR
“travel mode” OR “transport*
policy” OR “Non-motori?ed
transport*” OR “non-mechani?ed
transport*” OR “Motori?ed trans-
port*” OR “mechani?ed trans-
port*” OR Walk* OR pedestrian*
OR bicyc* OR bike OR “motor
vehicle” OR “automobile” OR bus
OR Train OR rail OR “light rail” OR
Commut* OR trail* OR “urban
design” OR “land use” OR “urban
policy”
“Physical activit*” OR” physical
ﬁtness” OR exercise OR “Physical
inactivit*” OR sedentar* OR “Body
Mass Index” OR “Health effects”
OR obesity
Economic, OR “economic eva-
luation” OR “economic model*”
OR “Cost beneﬁt” OR “cost
beneﬁt analysis” OR “beneﬁt
cost” OR “Cost effective*” OR
“CE analysis” OR “Health eco-
nomic assessment tool” OR
“Integrated Transport and
Health Impact Modelling Tool”
OR “Integrated Transport and
Health Impact Modeling Tool”
OR “Health care costs” OR “Cost
utility analysis” OR “cost utility”
OR “Cost savings” OR “social
audit” OR “cost consequence”
OR “planning balance sheet” OR
“programme budgeting and
marginal analysis” OR “ﬁnancial
management improvement
programme”
Academic database Transport terms Health terms Economic terms
PubMed “active travel” OR “travel mode”
OR travel/adverse effects OR Mo-
torised OR motorized ORWalking
OR pedestrian OR bicycling
"transportation/economics" OR
"transportation/history" OR
"transportation/legislation and
jurisprudence" OR "walking/eco-
nomics" OR "walking/education"
OR "walking/legislation and
"sedentary lifestyle" OR "Body
Mass Index" OR "motor activity"
OR "body weight/adverse effects"
OR "health effects" OR "obesity/
economics" OR "obesity/epide-
miology" OR "obesity/prevention
and control" OR "diabetes melli-
tus" OR "type 2 diabetes/eco-
nomics" OR "diabetes mellitus,
type 2/prevention and control"
"models, theoretical" OR "mod-
els, statistical" OR "stochastic
processes" OR "models, econo-
metric" OR predictive OR "eco-
nomics/methods" OR "cost
beneﬁt analysis" OR "Cost ef-
fectiveness" OR "Cost effective-
ness analysis" OR "Health eco-
nomic assessment tool" OR itim
OR "Health care costs" OR "Cost
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jurisprudence" OR "walking/phy-
siology" OR "walking/psychol-
ogy" OR "bicycling/statistics and
numerical data" OR "bicycling/
economics" OR "transportation/
methods"OR "transportation/sta-
tistics and numerical data" OR
"transportation" OR "environ-
ment" OR "travel/economics" OR
travel/statistics and numerical
data OR "travel/legislation and
jurisprudence" OR “urban de-
sign” OR “land use” OR “urban
policy” OR “built environment”
OR “physical environment”
OR "diabetes mellitus/econom-
ics" OR "neoplasms" OR "neo-
plasms/economics" OR "neo-
plasms/prevention and control"
OR "myocardial ischemia/eco-
nomics" OR "coronary artery dis-
ease/prevention and control" OR
"cardiovascular diseases" OR "ac-
cidents, trafﬁc" OR "bicycling/in-
juries" OR "accidents" OR
"wounds and injuries/economics"
OR "air pollution/statistics and
numerical data" OR "carbon di-
oxide/metabolism" OR "particu-
late matter" OR "urban health"
OR "air pollutants" OR "carbon
dioxide" OR "air pollution/ad-
verse effects" OR "accidents,
trafﬁc/mortality" OR "accidents,
trafﬁc/trends" OR "wounds and
injuries/mortality" OR "public
health/statistics and numerical
data" OR "public health/trends"
OR "health expenditures" OR
"health planning/economics" OR
"health promotion/economics"
OR "health promotion/methods"
OR "state medicine/economics
utility analysis" OR "cost utility"
OR "Cost savings" OR "health
care costs"
EMBASE active transport' OR 'active travel'
OR 'public transport' OR 'travel'
OR 'travel mode' OR 'transport
policy' OR 'non-motorised trans-
port' OR 'non-motorized trans-
port' OR 'non-mechanised trans-
port' OR 'non-mechanized trans-
port' OR 'motorised transport' OR
'motorized transport' OR 'me-
chanised transport' OR 'mechan-
ized transport' OR walk* OR pe-
destrian* OR bicyc* OR bike OR
'motor vehicle' OR 'automobile'
OR bus OR 'train' OR 'rail' OR
'light rail' OR commut* OR trail*
OR 'urban design' OR 'land use'
OR 'urban policy'
'physical activity' OR 'physical
ﬁtness' OR 'exercise' OR 'physical
inactivity' OR sedentar* OR 'body
mass index' OR 'health effects' OR
'obesity'
economic' OR 'economic eva-
luation' OR 'economic model'
OR 'cost beneﬁt' OR 'cost bene-
ﬁt analysis' OR 'beneﬁt cost' OR
'cost effectiveness' OR 'ce ana-
lysis' OR 'health economic as-
sessment tool' OR 'integrated
transport and health impact
modelling tool' OR 'health care
costs' OR 'cost utility analysis'
OR 'cost savings' OR 'social au-
dit' OR 'planning balance sheet'
OR 'programme budgeting and
marginal analysis' OR 'ﬁnancial
management improvement
programme'
Academic database Transport terms Health terms Economic terms
GeoBase, Compendex, Inspec,
NTIS and GeoREf
'active transport' OR 'active tra-
vel' OR 'public transport' OR tra-
vel OR 'travel mode' OR 'trans-
port* policy' OR 'Non motori?ed
transport*' OR 'non mechani?ed
transport' OR 'Motori?ed trans-
port' OR 'mechani?ed transport*'
OR Walk* OR pedestrian* OR bi-
cyc* OR bike OR 'motor vehicle'
OR automobile OR bus OR Train
OR rail OR 'light rail' OR Commut*
OR trail* OR 'urban design' OR
'land use' OR 'urban policy'
Physical activit*' OR 'physical ﬁt-
ness' OR exercise OR 'Physical
inactivit*' OR sedentary OR 'Body
Mass Index' OR 'Health effects'
OR obesity OR 'health effects' OR
health OR weight OR 'weight
gain'
'cost beneﬁt analysis' OR 'cost
beneﬁt' OR 'cost effectiveness'
OR 'cost effectiveness analysis'
OR 'cost effective' OR cost OR
'cost utility analysis' OR effec-
tiveness OR economic OR 'social
audit' OR 'cost consequence' OR
'planning balance sheet' OR
'programme budgeting AND
marginal analysis' OR 'ﬁnancial
management improvement
programme'
Grey literature search strategy:
1. Grey literature, such as Government reports was identiﬁed
from selected studies references lists and also tracking citing documents using SCOPUS.
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2. Google was searched, using the advanced search function. The
search “economic evaluation” and health and transportation was ﬁltered by pdf and ﬁle extensions gov, edu and org. The ﬁrst 100 titles
were scanned for relevance using the study inclusion and exclusion criteria and included where relevant.
3. World Health Organisation (WHO) – Cost effectiveness and
strategic planning (WHO-CHOICE). A hand search of the list of economic evaluations was conducted independently by each reviewer.
4. National Institute for Health and Care Excellence (NICE) –
Evidence search tool. Search conducted independently by each reviewer using the following strategy in the NICE search engine:
 Search 1: “Active transport” and type of information “evi-
dence summaries”.
 Search 2: Transport infrastructure AND health AND economic
and type of information “evidence summaries”.
5. The Transport, Health and Environment Pan-European Pro-
gramme (THE PEP) website was searched for all relevant publications using the study inclusion and exclusion criteria.
6. The title of all publications of the Centre for Diet and Activity
Research (CEDAR) were reviewed, as per study inclusion and exclusion criteria.
7. The title of all “Travel Behaviour” publications of the NZ
Transport Agency were reviewed, as per study inclusion and exclusion criteria.
8. The “Policy and Evidence” section of the SusTrans website was
reviewed, as per study inclusion and exclusion criteria.
9. Publications listed by the Nutrition and Obesity Policy Research
and Evaluation Network were reviewed, as per study inclusion and exclusion criteria.
10. The “Tools and Resources” section of the Active Living Research
website was reviewed, as per study inclusion and exclusion criteria.
11. Experts in the ﬁeld were consulted and recommendations of
relevant grey literature were reviewed as per study inclusion and exclusion criteria.
Appendix B. List of Excluded Studies
Reference Reason for exclusion
Abildso CG, Zizzi SJ, Selin S, Gordon PM. Assessing the Cost Effectiveness of a Community
Rail-Trail in Achieving Physical Activity Gains. Journal of Park & Recreation Adminis-
tration. 2012;30(2):102-13.
Does not incorporate health effects of
change in physical activity.
Boarnet MG, Greenwald M, McMillan TE. Walking, urban design, and health - Toward a
cost-beneﬁt analysis framework. Journal of Planning Education and Research. 2008;27
(3):341-58.
Does not include costs of intervention.
Borjesson M, Eliasson J. The value of time and external beneﬁts in bicycle appraisal.
Transportation Research Part a-Policy and Practice. 2012;46(4):673-83.
No assessment of health beneﬁts.
Creutzig F, Mühlhoff R, Römer J. Decarbonizing urban transport in European cities: Four
cases show possibly high co-beneﬁts. Environmental Research Letters. 2012;7(4).
Does not include beneﬁts or costs related to
change in PA.
De Smedt, D., et al. (2012). "A cost-effectiveness study of the community-based inter-
vention '10 000 Steps Ghent'." Public Health Nutrition 15(3): 442-451.
Leisure physical activity intervention.
Edwards, R. D. (2008). "Public transit, obesity, and medical costs: assessing the magni-
tudes." Preventive Medicine 46(1): 14-21.
No intervention.
Frew, E. J., et al. (2014). "Cost-effectiveness of a community-based physical activity pro-
gramme for adults (Be Active) in the UK: an economic analysis within a natural ex-
periment." British Journal Of Sports Medicine 48(3): 207-212.
Leisure physical activity intervention.
Guehnemann, A., et al. (2012). "Combining cost-beneﬁt and multi-criteria analysis to
prioritise a national road infrastructure programme." Transport Policy 23: 15-24.
No assessment of health beneﬁts.
Jarrett, J., et al. (2012). "Effect of increasing active travel in urban England and Wales on
costs to the National Health Service." Lancet 379(9832): 2198-2205.
Comparative risk assessment, not a CBA,
CEA or CUA.
Jones, T. F. and C. B. Eaton (1994). "Cost-beneﬁt analysis of walking to prevent coronary
heart disease." Archives Of Family Medicine 3(8): 703-710
Intervention not relevant (no transport).
Kato M, Goto A, Tanaka T, Sasaki S, Igata A, Noda M. Effects of walking on medical cost: A
quantitative evaluation by simulation focusing on diabetes. Journal of Diabetes In-
vestigation. 2013;4(6):667-72.
No intervention assessed.
Leung, W., et al. (2012). "Cost-effectiveness of pedometer-based versus time-based Green
Prescriptions: the Healthy Steps Study." Australian Journal of Primary Health 18(3): 204-
211.
Intervention not relevant (no transport).
Lindsay, G., et al. (2011). "Moving urban trips from cars to bicycles: impact on health and
emissions." Australian And New Zealand Journal Of Public Health 35(1): 54-60.
No intervention assessed.
Montes F, Sarmiento OL, Zarama R, Pratt M, Wang G, Jacoby E, et al. Do Health Beneﬁts
Outweigh the Costs of Mass Recreational Programs? An Economic Analysis of Four
Leisure physical activity intervention.
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Ciclovia Programs. Journal of Urban Health-Bulletin of the New York Academy of Med-
icine. 2012;89(1):153-70.
Mulley C, Tyson R, McCue P, Rissel C, Munro C. Valuing active travel: Including the health
beneﬁts of sustainable transport in transportation appraisal frameworks. Research in
Transportation Business and Management. 2013;7:27-34.
Evaluation does not include costs.
Olabarria M, Perez K, Santamarina-Rubio E, Novoa AM, Racioppi F. Health impact of mo-
torised trips that could be replaced by walking. European Journal of Public Health.
2013;23(2):217-22.
Evaluation does not include costs.
Topalovic P, Carter J, Topalovic M, Krantzberg G. Light Rail Transit in Hamilton: Health,
Environmental and Economic Impact Analysis. Social Indicators Research. 2012;108
(2):329-50.
Not an economic evaluation.
Wang G, Macera CA, Scudder-Soucie B, Schmid T, Pratt M, Buchner D. A cost-beneﬁt
analysis of using bike/pedestrian trails to promote physical activity. Medicine and Sci-
ence in Sports and Exercise. 2000;32(5 Suppl.):S148-S.
Results reported elsewhere (Wang 2005).
Wang G, Macera CA, Scudder-Soucie B, Schmid T, Pratt M, Buchner D, et al. Cost analysis of
the built environment: the case of bike and pedestrian trials in Lincoln, Neb. American
Journal Of Public Health. 2004;94(4):549-53.
Not a complete economic evaluation.
Wang G, Macera CA, Scudder-Soucie B, Schmid T, Pratt M, Buchner D. Cost effectiveness of
a bicycle/pedestrian trail development in health promotion. Preventive Medicine.
2004;38(2):237-42.
Does not include health effects.
Zheng H, Ehrlich F, Amin J. Economic evaluation of the direct healthcare cost savings
resulting from the use of walking interventions to prevent coronary heart disease in
Australia. 2010. p. 187-201.
Cost savings study, not a CBA, CEA or CUA.
Appendix C. Methodological Approaches To The Incorporation Of Physical Activity Related Health Effects
Studies that considered mortality only
Outcome Method Studies
All-cause mortality WHO HEAT AECOM (2010), Cope et al. (2010), Deenihan and
Caulﬁeld (2014), Li and Faghri (2014), Meggs and
Schweizer (n.d.), PricewaterhouseCoopers (2009)
(sensitivity analysis), Rabl and De Nazelle (2012),
Schweizer and Rupi (2014), Sinnett and Powell
(2012), Sustrans Scotland (2013) and Wilson and
Cope (2011)
Published guidance Transport for Greater Manchester (2011) and De-
partment for Transport (2014)
Relative risks from
literature
Macmillan et al. (2014)
Avoidable deaths from cardiovascular diseases,
stroke and colon cancer
Estimated from those
moving from physically
inactive to active
Transport for London (2004)
Avoidable deaths from cardiovascular diseases Published guidance PricewaterhouseCoopers (2009)
Studies that considered morbidity only
Heart disease, some cancers, type 2 diabetes, stroke Cost savings through dis-
eases averted
Co and Vautin (2014)
Five cancers, hypertension, type 2 diabetes,
muscoskeletal
Saelensminde (2004)
Obesity Guo and Gandavarapu (2010)
Stokes et al. (2008)
Becoming active Health care cost savings
between inactive and ac-
tive individuals
Wang (2005)
Studies that considered mortality and morbidity
DALYs, years of life lost and years lived with dis-
ability and health care cost savings of changes in:
heart disease, type 2 diabetes, osteoarthritis, en-
dometrial cancer, colon cancer, breast cancer and
kidney cancer.
ACE-prevention Moodie et al. (2009)
Moodie et al. (2011)
DALYs, years of life lost and years lived with dis-
ability and health care costs savings of changes in:
Cobiac et al. (2009)
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heart disease, type 2 diabetes, colon cancer and
breast cancer
Mortality all cause and becoming active HEAT health care cost
savings between inactive
and active
Gotschi (2011) and SQW Consulting (2008)
Becoming active Health care costs savings Sinclair Knight and PricewaterhouseCoopers (2011)
DALYs, years of life lost and years lived with dis-
ability and health care costs savings of changes in:
heart disease, type 2 diabetes, colon cancer and
breast cancer
PREVENT Dallat et al. (2014)
Heart disease, stroke and type 2 diabetes Beale et al. (2012) (CUA)
All-cause mortality and physical activity related
diseases
Value of a statistical life
and cost savings through
diseases averted
SQW Consulting (2007)
All-cause mortality and cost of illness approach Foltynova and Kohlova (2002)
Mortality and morbidity Published guidance and
values
Fishman et al. (2011)
Unspeciﬁed health outcome
Unspeciﬁed Published guidance and
values
Beale et al. (2012) (CBA), Krag (2007), Lind et al.
(2005), Saari et al. (2007) and COWI and the City of
Copenhagen (n.d.) and Buis and Wittink (2000)
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Given the alarming prevalence of obesityworldwide and the need for interventions to halt the growing epidemic,
more evidence on the role and impact of transport interventions for obesity prevention is required. This study
conducts a scoping review of the current evidence of association between modes of transport (motor vehicle,
walking, cycling and public transport) and obesity-related outcomes. Eleven reviews and thirty-three primary
studies exploring associations between transport behaviours and obesitywere identiﬁed. Cohort simulationMar-
kovmodellingwas used to estimate the effects of bodymass index (BMI) change on health outcomes and health
care costs of diseases causally related to obesity in the Melbourne, Australia population.
Results suggest that evidence for an obesity effect of transport behaviours is inconclusive (29% of published studies
reported expected associations, 33%mixed associations), and any potential BMI effect is likely to be relatively small.
Hypothetical scenario analyses suggest that active transport interventionsmay contribute small but signiﬁcant obe-
sity-related health beneﬁts across populations (approximately 65 health adjusted life years gained per year). There-
fore active transport interventions that are low cost and targeted to those most amenable to modal switch are the
most likely to be effective and cost-effective from an obesity prevention perspective. The uncertain but potentially
signiﬁcant opportunity for health beneﬁtswarrants the collectionofmore andbetter quality evidence to fully under-
stand the potential relationships between transport behaviours and obesity. Such evidence would contribute to the
obesity prevention dialogue and inform policy across the transportation, health and environmental sectors.
© 2016 Elsevier Inc. All rights reserved.
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1. Introduction
Approximately 52% of the world's adults are considered overweight
or obese (World Health Organisation, n.d.). The transportation sector
has been identiﬁed for both its contribution to obesogenic environ-
ments through rapid motorisation, and for its potential to attenuate or
moderate the effects of obesity on populations (Swinburn et al., 2011).
Transport systems that encourage the incorporation of more incidental
physical activity into daily lifemay offer potential as population level in-
terventions for obesity prevention. Yet surprisingly little research has
been conducted into potential obesity-related health effects of transpor-
tation behaviours.
Traditionally, health impacts considered during the transport policy
process have been limited to the effects of injuries and emissions.Whilst
a growing focus on the impact of environmental factors on health has
resulted in an increasing number of health impact assessments (HIAs)
quantifying the physical activity (PA), injury and emissions related
health impacts of transport behaviours internationally over the last de-
cade (Rojas-Rueda et al., 2011; Rojas-Rueda et al., 2013; Woodcock et
al., 2013;Woodcock et al., 2014; Rojas-Rueda et al., 2016), limited stud-
ies have been undertaken for Australia (Xia et al., 2015). Whilst the
mortality-related beneﬁts of more walking and cycling for transport
are now relatively well-established in the literature (Kelly et al.,
2014), the impact of and mechanisms for morbidity-related health ef-
fects are less understood (de Nazelle et al., 2011).
Recent studies have suggested an association between ‘automobili-
ty’, deﬁned as the use of and dependence on private motor vehicles as
the primary form of transportation, and prevalence of obesity (Bassett
et al., 2008; Pucher et al., 2010). Recent systematic reviews have also in-
vestigated the association between active transport (walking, cycling
and use of public transport) and obesity (Larouche et al., 2014a;
Wanner et al., 2012). This study aims to collate and update this informa-
tion to provide a current overview of the evidence for the potential obe-
sity impacts of transport behaviour across all modes (i.e. walking,
cycling, public and private transport). To the best of our knowledge,
this represents theﬁrst scoping review considering thepotential obesity
impact of bothmotorised and non-motorised transport behaviours, and
serves as a transport sector speciﬁc ‘obesity impact assessment’
(Swinburn, 2008).
Evidence for associations between mode of transport (walking, cy-
cling, public and private transport) and obesity will be examined
through a scoping “review of systematic reviews” and recently pub-
lished literature. Obesity-related mortality and morbidity impacts of
transport modes will then be modelled using the recent evidence
from the literature in hypothetical scenario analyses for the Melbourne,
Australia metropolitan area. Synthesis of the evidence and quantiﬁca-
tion of potential health impacts will highlight possible societal costs of
automobile dependence not routinely captured in transport decision
making. A better understanding of the potential obesity-related health
effects of transport behaviours will provide valuable information for
transportation, health and environmental planners.
2. Methods
2.1. Review of the evidence
Whilst it has been established that transport behaviours can have an
impact on physical activity (PA) with resultant health beneﬁts
(Woodcock et al., 2011; Andersen et al., 2000; Brown et al., 2016), the
causal pathway between transport and obesity is less clear. The signiﬁ-
cant challenges of collecting rigorous evidence on the health effects of
transport behaviours have been well-documented (Sallis et al., 2004;
Krizek et al., 2009; Handy et al., 2014). Evidence for an obesity effect
of transport modal choice relies on a logic framework as presented in
Fig. 1. The choice of mode of transport results in differing energy costs
(metabolic equivalent task (MET) values) between modes. A shift to
AT results in a change in energy expenditure, assuming that PA-related
behavioural substitution does not occur (for instance, a person who
usually goes to the gym cycles to work instead). Changes in energy ex-
pendituremay then lead to changes in BMI, assuming that there is no in-
crease in energy intake (for instance, a cyclist consumes more calories
as a consequence of higher energy expenditure).
A scoping review was undertaken to summarise the state of the ev-
idence for an obesity effect across all modes and to inform the parame-
ters for health impact modelling. The scoping review consisted of two
parts:
(1) A scoping “review of systematic reviews”. To be eligible for inclu-
sion, systematic reviews needed to be published at any time in a
peer-reviewed journal and to examine the association between
mode of transport (walking, cycling, private or public transport)
and an obesity-related effect; and
(2) A scoping review of new primary studies published from 2014
(the date of themost comprehensive and recently published sys-
tematic review). To be eligible for inclusion, primary studies had
to be published in a peer-reviewed journal post January 2014
and to examine the association between mode of transport
(walking, cycling, private or public transport) and an obesity-re-
lated effect.
Obesity effect was deﬁned as a change in an adiposity-related out-
come and reviews reporting solely on PA effect were excluded. A
more generic health search term was also included so that studies
where the obesity effect may not have been a primary outcome but
was reported were captured. Reviews of associations between built en-
vironment characteristics (for example, composite indices such as
walkability or public transport accessibility) and obesity were excluded.
Academic databases searched included Scopus and EBSCOHost (all data-
bases, including Business Source Complete, CINAHL, MedLine,
SportDiscus and EconLit). The reference lists of included studies were
also searched, and experts in the ﬁeld were invited to recommend
study inclusions. Full search strategies are given in Appendix A.
Data were extracted by one reviewer (VB) and veriﬁed by a second
reviewer (RC). Associations were summed using the ‘vote count meth-
od’ (Arnott et al., 2014) to report the number of expected, opposite,
mixed or non-signiﬁcant associations in each review (Table 1). Where
unadjusted and adjusted results were presented, we report the ﬁnal ad-
justed associations here.
The quality of systematic reviews was assessed using the Preferred
Reporting Items for Systematic ReviewsMeta-Analyses (PRISMA) State-
ment (Krizek et al., 2009). A score of 1 for each PRISMA item reported
was summed to give an overall summary of the quality of reporting
(PRISMA score). Criteria and PRISMA score for each review are given
in Appendix B. Strength of evidence for primary studies published
since 2014was assessed using quality criteria based on the Strengthen-
ing of Reporting of Observational Studies in Epidemiology (STROBE)
guidelines (von Elm et al., 2014) and criteria adapted from previous
studies (Wanner et al., 2012; Lubans et al., 2011) (Appendix C).
2.2. Health impact modelling
Obesity-related health impact modelling was undertaken, using re-
cent evidence of effect from the literature on changes in BMI associated
with transport modal choice. Whilst estimates of effect from the litera-
ture may not be directly transferable, hypothetical scenario modelling
using best available evidence provides useful exploratory analysis of
the potential obesity effect of transport behaviours. Obesity effect esti-
mates associatedwith transport behaviours were selected using the fol-
lowing selection criteria, together with expert guidance:
• Relevance to the Australian transportation setting;
• Relevance to the population of Melbourne, Australia;
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• Recency and strength of evidence;
• Quality assessment score; and/or
• Amenity to health impact modelling.
Cohort simulationMarkovmodellingwas conducted to estimate the
effect of changes in body mass index (BMI) on health outcomes and
health care costs of nine diseases causally related to obesity (osteoar-
thritis of the knee and hip, breast cancer, colon cancer, endometrial can-
cer, kidney cancer, ischaemic heart disease, hypertensive heart disease,
stroke and type 2 diabetes) for the 2010 population of Australia. The de-
mographic proﬁle of the Melbourne population was assumed to
proportionally reﬂect that of the Australian population. Because our
study estimates changes in health outcomes and health care costs
based on a change in BMI (and not modal shift modelled to physical ac-
tivity) the costs and consequences of a change to AT in terms of injuries
or pollution effect are not included in our analysis. Recent studies have
however demonstrated that the health beneﬁts of a shift frommotor ve-
hicle travel to AT outweigh potentially negative effects of an increased
risk of injury or exposure to emissions (Mueller et al., 2015).
The consequences of a change in BMI across age-sex groupswere es-
timated by applying potential impact fraction calculations with contin-
uous exposure and risk functions to the incidence of obesity-related
diseases. Changes in incidence resulted in changes in future prevalence
and disease-speciﬁc mortality for the cohort. Health adjusted life years
(HALYs) gained and health care cost savings per year were reported.
HALYs are summary measures of population health, incorporating
both morbidity and mortality, and provide evidence of differences in
duration and quality of life that are useful in resource allocation deci-
sion-making (Gold et al., 2002). Future health care cost savings were
discounted at 3%. Modellingwas undertaken using Excel 2010, with un-
certainty analysis around the effect estimate and relative risk of incident
disease using the Excel add-in Ersatz (EpiGear International, 2016).
3. Results
3.1. Results from the scoping review of the evidence
A total of 44 studies were included in our evidence review (11 sys-
tematic reviews, 33 primary studies) (Fig. 2).
The evidence for an obesity effect of transport behaviours from pub-
lished reviews to date is considered relatively weak (Table 2). Although
Fig. 1. Logic pathway between choice of mode of transport & obesity effect Figure Notes: 1Metabolic equivalent tasks (Ainsworth et al., 2011). METs are deﬁned as the ratio of the work
metabolic rate to the resting metabolic rate. One MET is roughly equivalent to the energy cost of sitting quietly. BMI = body mass index.
Table 1
Deﬁnition of associations reported.
Association
reported as
Mode Hypothesised association
with obesity outcome
Expected Motor vehicle Positive association
Public transport (with active
component at journey start/end)
Negative association
Walking Negative association
Cycling Negative association
Opposite Motor vehicle Negative association
Public transport Positive association
Walking Positive association
Cycling Positive association
Mixed Varied associations within sub-group analyses, or using different
techniques. Could be positive, negative or not statistically
signiﬁcant.
Non-signiﬁcant No association, or no statistically signiﬁcant association reported
at the 5% level.
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most reviews scored generally well in terms of quality of reporting
(mean PRISMA score of 20 out of a possible score of 26) (Appendix B),
ﬁndings are generally inconclusive given the mixed ﬁndings and com-
parative weakness of study designs. Narrative summary of the strength
of evidence for an obesity effect across the included reviews ranged
from weak (Davison et al., 2008) or insufﬁcient (Faulkner et al., 2009;
Lee et al., 2008) to moderate (Xu et al., 2013).
Overall, ﬁve reviews looked exclusively at associations betweenmo-
bility and obesity in children or youth (Larouche et al., 2014a; Lubans et
al., 2011; Faulkner et al., 2009; Lee et al., 2008; Schoeppe et al., 2013),
with a further two reviews (Xu et al., 2013; Saunders et al., 2013) in-
cluding active transport to school (ATS) as part of reviews of all age
groups. In total, the reviews reported 124 associations (28 (23%) in
the expected direction, 27 (22%) mixed associations, 4 (3%) opposite
and 65 (52%) non-signiﬁcant associations). It should be noted that sev-
eral papers were reported across multiple reviews. Exclusion of dupli-
cates across multiple reviews resulted in similar proportions of
expected, mixed and non-signiﬁcant associations (20%, 24% and 56%
respectively).
Six reviews reported associations between transport behaviours and
obesity in adults (Wanner et al., 2012; Xu et al., 2013; Saunders et al.,
2013; Mayne et al., 2015; McCormack and Virk, 2014; Oja et al., 2011).
In total, the reviews reported 55 associations (18 (33%) in the expected
direction, 29 (53%) mixed and 8 (14%) non-signiﬁcant associations).
Again, several papers were reported across multiple reviews. Exclusion
of duplicates across multiple reviews resulted in similar proportions of
expected, mixed and non-signiﬁcant associations (34%, 53% and 13%
respectively).
Thirty-three primary studies reporting associations between mode
of transport and obesity have been published since 2014 (Table 3). Six-
teen studies (49%) reported associations in the expected direction, 14
(42%) reportedmixed associations and 3 studies (9%) reported non-sig-
niﬁcant associations. Nineteen (58%) of these studies reported associa-
tions in adults or college students, with 1 study reporting speciﬁcally
in pregnant women (3%) and 13 studies (39%) in children or
adolescents.
The mean score for strength of evidence assessment across primary
studies was 7 out of a possible 13 points (range 4 to 9) (Appendix D).
Twenty-seven studies published since 2014 used a cross-sectional
study design (82%) (Wijtzes et al., 2014; Wanner et al., 2016;
Berglund et al., 2016; Bopp et al., 2014; Dąbrowska et al., 2015;
Fernandez et al., 2015; Flint and Cummins, 2015; Flint and Cummins,
2016; Gutiérrez-Zornoza et al., 2015; Jáuregui et al., 2015; Larouche et
al., 2014b; Laverty et al., 2015; Machado-Rodrigues et al., 2014;
McKay et al., 2015; Menai et al., 2015; Muthuri et al., 2014;
Mwaikambo et al., 2015; Olabarria et al., 2014; Pearson et al., 2014;
Rissel et al., 2014; Sarmiento et al., 2015; Schauder and Foley, 2015;
Scheepers et al., 2015; Sugiyama et al., 2016; Sun et al., 2015; Wojan
and Hamrick, 2015; Ding et al., 2014), with only 6 undertaking a longi-
tudinal study (18%) (Falconer et al., 2015; Martin et al., 2015;
Martinez-Gomez et al., 2014; Mendoza and Liu, 2014; Molina-GarcÍa
et al., 2015; Skreden et al., 2016). Over half of all studies (54%) reported
on combined modes of transport (AT or private transport) (Wijtzes et
al., 2014; Wanner et al., 2016; Berglund et al., 2016; Bopp et al., 2014;
Fernandez et al., 2015; Gutiérrez-Zornoza et al., 2015; Laverty et al.,
2015; Machado-Rodrigues et al., 2014; McKay et al., 2015; Muthuri et
al., 2014; Mwaikambo et al., 2015; Pearson et al., 2014; Sun et al.,
2015; Falconer et al., 2015; Martin et al., 2015; Mendoza and Liu,
2014; Skreden et al., 2016; Flint et al., 2014), rather than reporting by
mode despite growing awareness of the potential differences in health
beneﬁts of cycling compared to walking (de Nazelle et al., 2011). Twen-
ty-four studies (73%) used self-reported data on transport behaviours
(Wijtzes et al., 2014; Berglund et al., 2016; Bopp et al., 2014;
Fernandez et al., 2015; Flint and Cummins, 2016; Gutiérrez-Zornoza et
al., 2015; Machado-Rodrigues et al., 2014; Mwaikambo et al., 2015;
Olabarria et al., 2014; Pearson et al., 2014; Rissel et al., 2014;
Sarmiento et al., 2015; Schauder and Foley, 2015; Scheepers et al.,
2015; Sugiyama et al., 2016; Sun et al., 2015; Wojan and Hamrick,
2015; Falconer et al., 2015; Martin et al., 2015; Martinez-Gomez et al.,
2014; Mendoza and Liu, 2014; Skreden et al., 2016; Flint et al., 2014),
with seven studies (21%) reporting use of validated self-report instru-
ments (Wanner et al., 2016; Dąbrowska et al., 2015; Jáuregui et al.,
2015; Laverty et al., 2015; McKay et al., 2015; Menai et al., 2015;
Molina-GarcÍA et al., 2015) and only two studies (6%) reporting use of
objectively measured data (Larouche et al., 2014b; Muthuri et al.,
2014). Obesity-related outcomes were also self-reported in twelve
(36%) studies (Berglund et al., 2016; Bopp et al., 2014; Dąbrowska et
al., 2015; Menai et al., 2015; Olabarria et al., 2014; Pearson et al.,
2014; Rissel et al., 2014; Scheepers et al., 2015; Wojan and Hamrick,
2015; Ding et al., 2014; Martin et al., 2015; Molina-GarcÍa et al., 2015).
Given the large number of potential confounders in the association be-
tween transport behaviours and obesity, most studies (91%) controlled
for age, gender, socioeconomic position and at least one other potential
confounder (Wijtzes et al., 2014; Wanner et al., 2016; Berglund et al.,
2016; Bopp et al., 2014; Dąbrowska et al., 2015; Flint and Cummins,
2016; Jáuregui et al., 2015; Larouche et al., 2014b; Laverty et al., 2015;
Fig. 2. PRISMA ﬂowcharts for included studies.
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Table 2
Systematic reviews from the peer-reviewed literature on associations between mobility and obesity.
Study
(study
type)
Aim of study Population Inclusion criteria of
included studies
Search
dates
Sources searched Exposure of
interest
here
(O/S/NR)
Obesity
outcome/s
(O/S/NR)
No.
papers
w/-
obesity
outcome
(total in
review)
Study design of
inclusions with
obesity outcome
Associations reported Q.A Prisma
score
Faulkner et
al., 2009
To examine whether children
who actively commute to school
are (i) more physically active;
and (ii) have a healthier body
weight than children who are
driven.
Children
and youth,
5 to
18 years of
age
Objectively measured
BMI/body weight;
English language
Until
2007–2008
Sport Discus; medline;
Web of Science; Google
scholar; ProQuest
Dissertations and Theses
ATS –
walking,
cycling
Body weight,
BMI, body
comp.
10 (13) 9 cross-sectional
1 longitudinal
Expected 0/10 N 15
Opposite –
Mixed 1/10
Non-signiﬁcant 9/10(O = 10) (O = 10)(Systematic
review)
Larouche et
al., 2014a
To examine differences in PA,
body composition and
cardiovascular ﬁtness between
active and passive school
commuters.
School
aged
children,
aged 5.0 to
17.9 years
old
Report on at least one
PA, body comp. or
cardio ﬁtness variable;
English and French
languages
Until April
2012
Medline; PubMed; Embase;
PsycInfo; ProQuest;
ProQuest Dissertations and
Theses; key informant
ATS –
walking,
cycling
BMI, skinfolds,
WC, dual
energy, bioimp.,
air displace.
(O = 12)
(NR = 27)
40 (68) 1
quasi-experiment,
10 longitudinal
28 cross-sectional
Expected 11/40 Y 23
Opposite –
Mixed 8/40
[1*]
Non-signiﬁcant 21/40(NR = 39)(Systematic
review)
Lee et al.,
2008
To examine associations of ATS
with PA, weight and obesity.
School
aged
children
(up to
university
age)
Report on association
between ATS and PA or
weight
Until Dec
2007
PubMed; SportDiscus; TRIS;
Google; Google Scholar
ATS –
walking,
cycling
BMI, WC, % body
fat, fat mass,
overweight
(O = 15)
(S = 3)
18 (32) 2 longitudinal
16
cross-sectional.
Expected 3/18 N 20
Opposite 1/18
Mixed 4/18
Non-signiﬁcant 10/18(NR = 18)(Systematic
review)
Lubans et
al., 2011
To review associations between
ATS and health. To review
quality of studies exploring
associations.
Children
or youth,
aged 5 to
18 years
Reports quantitative
association; English
language
1980 – Dec
2009
Embase; Ovid; MedLine;
PsycInfo; PubMed; Scopus;
SportDiscus; TRIS
ATS –
walking,
cycling
(NR = 25)
BMI, skinfolds,
air displace.
(O = 22)
(S = 3)
25
(27)
24 cross-sectional
1 longitudinal
Expected 3/25 Y 20
Opposite –
Mixed 9/25
Non-signiﬁcant 13/25(Systematic
review)
Mayne et
al., 2015
To examine the use of natural or
quasi-experiments to evaluate
the efﬁcacy of policy of built
environment changes on obesity
related outcomes.
General
population
Natural or quasi
experiment effects on
PA, diet or obesity;
2005–2013 PubMed; MedLine Public
transport -
light rail
Obesity, BMI,
weight
1 (37) 1 longitudinal Expected 1/1 Y 23
Opposite –
Mixed –
Non-signiﬁcant –(S = 1) (S = 1)(Systematic
review)
McCormack
and Virk,
2014
To review associations between
motor vehicle travel distance
and time and weight status.
Adults,
16 years of
age and
over
English language;
reports quantitative
association
Until
March
2014
PubMed; MedLine; TRIS;
Web of Science
Motor
vehicle
Obesity, WC,
BMI, body
comp.
10
(10)
7 cross-sectional
2 longitudinal
(ecological)
1 prospective
Expected 5/10 N 19
Opposite –
Mixed 3/10
(S = 7) (O + S = 1)
(NR = 2)
(O = 2)
(S = 8)
Non-signiﬁcant2/10
(Systematic
review)
Oja et al.,
2011
To review the evidence on the
health beneﬁts of cycling.
General
population
English and German
languages;
observational or
intervention studies.
Not stated BioMed central; Google
Scholar; PubMed; Scopus;
SportDiscus; TRIS; Web of
Science
Cycling Obesity,
overweight,
body mass, BMI
(S = 1)
(NR = 1)
2 (16) 1 cross-sectional
1 intervention
Expected – Y 21
Opposite –
Mixed 1/2
(S = 2) Non-signiﬁcant 1/2
Walking
and cycling
Weight 1 (16) 1 longitudinal Expected 1/1
Opposite –
Mixed –(S = 1) (S = 1)
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Table 2 (continued)
Study
(study
type)
Aim of study Population Inclusion criteria of
included studies
Search
dates
Sources searched Exposure of
interest
here
(O/S/NR)
Obesity
outcome/s
(O/S/NR)
No.
papers
w/-
obesity
outcome
(total in
review)
Study design of
inclusions with
obesity outcome
Associations reported Q.A Prisma
score
Non-signiﬁcant –
(Systematic
review)
Saunders et
al., 2013
To review the evidence for
health beneﬁts of active
transport
General
population
Controlled trials and
prospective
observational studies;
Until Nov
2012
Cochrane; CINAHL Plus;
Embase; Global Health;
Google Scholar; IBSS;
MedLine; PsycInfo; Social
Policy and Practice; TRIS;
Web of Science
Walking
and cycling
BMI 3 (24) 3 intervention Expected – Y 23
Opposite –
Mixed –
Non-signiﬁcant 3/3(O +
S = 1)
(NR = 2)
(NR = 3)
ATS –
walking
and cycling
(S = 3)
BMI, weight,
skinfolds
(O = 2)
(S = 2)
(NR = 1)
5 (24) 5 longitudinal Expected –
Opposite –
Mixed 1/5
Non-signiﬁcant 4/5(Systematic
review)
Schoeppe
et al.,
2013
To review the evidence for
associations between
independent mobility and PA,
sedentary behaviour and weight
status.
Children
aged
3–18 years
Report on associations;
intervention studies
excluded unless report
on cross-sectional
associations; English
language
Until Mar
2012
PubMed; Scopus; CINAHL;
SportDiscus; PsycInfo; TRIS
ATS –
walking
and cycling
BMI, WC, body
comp., fat mass,
skinfold
thickness,
overweight,
obesity,
adiposity
(O = 20)
20
(52)
4 longitudinal
16 cross-sectional
Expected 7/20 Y 21
Opposite 3/20
Mixed 3/20
Non-signiﬁcant 7/20(S = 20)(Systematic
review)
Wanner et
al., 2012
To summarise the evidence on
associations between active
transport, PA and body weight in
adults.
Adults Quantitative
association between AT
and PA or weight at
individual level;
English, French or
German language.
Until Oct
2010
MedLine; Web of Science;
Embase; SportDiscus;
PsycInfo; CINAHL; TRIS;
Cochrane
Walking
and cycling
Body weight 38 (46) 38 cross-sectional Expected 11/38 Y 22
(Systematic
review)
(S = 30) (S = 19)
(O = 9)
(O + S = 2)
Opposite –
Mixed 25/38
Non-signiﬁcant 2/38
Xu et al.,
2013
To summarise the evidence of
relationships between AT to
work or school and
cardiovascular health and body
weight.
School
aged
children
and adults
in the
workforce
English language; RCTs,
cohort, case-control or
cross-sectional studies
Until Sep
2012
MedLine; CENTRAL;
Cochrane
ATS –
walking,
cycling
BMI, WC,
overweight,
obesity
5 (19) 4 cross-sectional
1 longitudinal
Expected 4/5 Y 19
Opposite –
Mixed –
Non-signiﬁcant 1/5
Walking
and cycling
BMI 1 (19) 1 cross-sectional Expected –
Opposite –
Mixed 1/1
Non-signiﬁcant –(Systematic
review)
Table notes: Q.A=Was quality assessment undertakenwithin the paper? Y=yes, N=no. BMI – bodymass index. Body comp=body composition.WC=waist circumference. Dual energy=dual energy x-ray absorption. Bioimp.=bioimpedence.
Air displace = air displacement plethysmography. (O = no.) = Number of studies using objectively measured exposure or obesity outcomes. (S = no.) = number of studies using subjectively measured (self-report, proxy) exposure or obesity
outcomes. NR=not reported. PRISMA score=number of itemsmet on the PRISMA checklist. PA=physical activity. ATS=active transport to school. TRIS=Transportation Research Information Services Database. [*]=mixed association including
an association in the opposite direction.
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Table 3
Primary studies published since 2014 reporting associations between mode of transport and obesity.
Publication Aim of study Population Study design Exposure
[O/S]
Outcome
[O/S]
Results Association Strength
of
evidence
Berglund et al.,
2016
To explore associations
between travel mode and
health-related outcomes,
including BMI.
Swedish adults,
aged 45–75 years
n = 1786
Cross-sectional Regular
mode of
travel [S]
BMI,
weight
[S]
Odds for risk of obesity or
being overweight were
considerably higher in those
who travelled inactively
(AOR 1.42, 95% CI 1.13–1.80,
p ≤ 0.01).
Expected 5
Bopp et al., 2014 To examine associations
between AT to campus and
weight.
College students,
Pennsylvania State
University
n = 773
Cross-sectional Prevalence
of walking,
cycling,
driving to
campus [S]
BMI
[S]
Overweight students
actively travelled less often
compared to normal-weight
students (8.63 trips per
week compared to 11.29
trips per week, p = 0.02).
Expected 4
Dąbrowska et al.,
2015
To evaluate associations
between PA and BMI in
menopausal women.
Polish women
aged 45–55
n = 400
Cross-sectional Time in
transport
PA
[S]
BMI
[S]
Pearson correlation between
transportation domain
physical activity and obesity
−0.2319, p b 0.01.
Expected 6
Ding et al., 2014 To examine associations
between driving time and
health behaviours in
middle-aged and older
adults.
Adults aged 45 to
75 years and living
in NSW
n = 35.183
Cross-sectional Time spent
driving
each day
[S]
BMI
[S]
Longer driving time
positively associated with
obesity compared to driving
between 1 and 30 min daily
(driving time of between 31
and 60 mins daily AOR of
obesity 1.3, 95% CI 1.21–1.40,
p b 0.001; 61–120 min AOR
1.5, 95% CI 1.3–1.63,
p b 0.001; 121+ mins AOR
1.78, 95% CI 1.61–1.97,
p b 0.001).
Expected 8
Falconer et al., 2015 To evaluate AT through
adolescence and associations
with adiposity.
Children from the
Avon Longitudinal
Study of Parents
and Children
n = 2026
Long.
Follow up at
12, 14, 16,
17.5 years
Usual
travel
mode to
school
[S]
BMI
Fat mass
[O]
Males consistently choosing
AT reduced BMI score at age
17.5 years of−0.23 (95% CI
-0.40 to−0.06) compared to
consistently passive. No
associations found in
females. No difference in fat
mass.
Mixed 7
Fernandez et al.,
2015
To evaluate overweight and
obesity prevalence and risk
factors.
Barbadian school
students in class 3
n = 580
Cross-sectional Mode of
transport
to school
[S]
BMI
[O]
AOR of overweight and
obesity for boys commuting
to school actively 0.38 (95%
CI 0.2–0.73, p b 0.01).
Results for girls and all not
statistically signiﬁcant.
Mixed 4
Flint et al., 2014 To determine whether AT is
associated with obesity.
Participants from
the UK Household
Longitudinal Study
(UKHLS)
n = 15.777
Cross-sectional Commuting
mode to
work
[S]
BMI,
% body fat
[O]
Commuting by AT
signiﬁcantly predictive of
lower BMI and % body fat
compared with using private
transport (fully adjusted
difference in males using
public transport BMI score
–1.10 (95% CI –1.67 to
−0.53, p b 0.001) and AT
–0.97 (95% CI -1.55 to
−0.40, p b 0.05)) (fully
adjusted difference in
females using public
transport BMI score –0.72
(95% CI –1.37 to−0.06,
p b 0.05) and AT-0.87 (95%
CI –1.37 to−0.36,
p b 0.05)).
Expected 6
Flint and Cummins,
2016
Also reported in
Flint and Cummins,
To examine association
between active commuting
and obesity in mid-life.
UK participants
aged 40 to
69 years
n = 264.341
Cross-sectional Commuting
mode to
work [S]
BMI,
% body fat
[O]
Active commuting predictive
of lower BMI and % body fat
for both men and women,
with a dose-response
pattern across all modes.
Expected 9
(continued on next page)
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Table 3 (continued)
Publication Aim of study Population Study design Exposure
[O/S]
Outcome
[O/S]
Results Association Strength
of
evidence
2015 Active and public transport
commuters had signiﬁcantly
lower BMI (men−1.0 BMI
point, 95% CI -1.14 to−0.87;
women−0.67, 95% CI -0.86
to−0.47) than private car
commuters. Results were
larger for cyclists (men
−1.71 BMI point, 95% CI
-1.86 to−1.56; women
−1.65 BMI point, 95% CI
-1.92 to−1.38).
Gutiérrez-Zornoza
et al., 2015
To determine the
associations between ATS
and health.
Spanish school
children aged 10 to
12 years.
n = 956
Cross-sectional Days
within
previous
week
walked or
cycled to
school [S]
BMI, WC,
fat mass
%
[O]
No signiﬁcant difference
overall in BMI between
children who actively
commuted to school daily
and those who did not.
Non signiﬁcant 4
Jáuregui et al., 2015 To examine correlates of ATS
and associations with BMI.
Mexican
adolescents
10–14 years
n = 2952
Cross-sectional Usual mode
to school
[S]
BMI,
weight
[O]
Unadjusted models found
signiﬁcant association
between ATS and BMI
z-score. Adjusted models
found no signiﬁcant
association between ATS and
BMI z-score. Signiﬁcant
negative association
between being overweight
or obese and ATS.
Mixed 7
Larouche et al.,
2014b
To investigate differences in
body composition, ﬁtness
and cardiovascular risk
factors across levels of
walking and cycling in
adolescents.
Canadian
adolescents aged
12–19 years.
n = 1016
Cross-sectional Time spent
walking or
cycling
[O and S]
BMI, WC
[O]
Adolescents who reported
≥1 h/week of utilitarian
cycling had lower BMI and
WC than those who reported
no cycling (BMI difference –
1.2 (95% CI –2.2–0.3,
p= 0.014), WC difference –
3.4 (95% CI –5.5 to−1.3,
p= 0.005). Associations
between walking and BMI
and WC were inconsistent or
non-signiﬁcant.
Mixed 9
Laverty et al., 2015 To examine associations of
AT and to determine
whether AT is associated
with adiposity in low and
middle income countries.
Residents of China,
India, Mexico,
Ghana, Russia and
South Africa
n = 40.477
Cross-sectional Time spent
walking or
cycling
[S]
BMI,
WC,
Waist-hip
ratio
[O]
High use of AT associated
with lower risk of
overweight (ARR 0.71,
0.59–0.86), lower BMI
(−0.54 kg/m2, 95% CI -0.98
to−0.11), lower waist-hip
ratio (ARR 0.71, 95% CI 0.61–
0.84) and lower WC
(−2.16 cm, 95% CI –3.07 to
−1.26). Moderate AT was
associated with lower WC
(−1.52 cm, 95% CI –2.40 to
−0.65) and lower waist-hip
ratio (ARR 0.79, 95% CI 0.68–
0.92) but BMI difference was
non-signiﬁcant.
Mixed 9
Machado-Rodrigues
et al., 2014
To analyse associations
between blood pressure and
adiposity risk (BPAR) and
ATS.
Portuguese school
children aged
7–9 years.
n = 665
Cross-sectional Mode and
duration of
ATS
[S]
BPAR
score
[O]
Results suggest independent
and inverse association
between BPAR and ATS
(adjusting for BMI
β = −0.13 (95% CI –0.22 to
−0.04), standardised β
−0.07, p = 0.01).
Expected 6
Martin et al., 2015 To estimate the impact of
active commuting on BMI.
Adults
Great Britain
n = 4056
Long.
Follow-up
2 years
Main mode
of travel to
work
[S]
BMI
[S]
Switching from private to AT
associated with a signiﬁcant
reduction in BMI compared
to continued private
transport use (−0.32 kg/m2,
Mixed 7
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Table 3 (continued)
Publication Aim of study Population Study design Exposure
[O/S]
Outcome
[O/S]
Results Association Strength
of
evidence
95% CI –0.60 to−0.05).
Switching from AT to private
transport associated with
signiﬁcant increase in BMI
(0.34 kg/m2, 95% CI 0.05–
0.64).
Martinez-Gomez et
al., 2014
To examine the associations
of AT at 11, 15 and 18 years
of age with central body fat
at 18 years of age.
Brazilian children
born in 1993
n = 3469
Long.
Follow up
7 years
Time spent
active
commuting
per week
[S]
WC,
trunk fat
mass
[O]
AT at 11 years of age not
associated with central body
fat. AT in boys at 15 and
18 years associated with
central adiposity measures.
Boys with consistently high
rates of AT had lower levels
of central body fat compared
to those with low rates of AT
(WC−2.92 cm, 95% CI –4.75
to−1.10, p b 0.05).
Mixed 8
McKay et al., 2015 To examine correlates of AT
and associations with
adiposity in rural India and
Bangladesh.
Adults from rural
sites in India and
Bangladesh
n = 2122
Cross-sectional Time spent
in AT per
week
[S]
BMI, WC,
waist-hip
ratio
[O]
≥150 min/week AT
associated with lower BMI
(−0.39 kg/m2, 95% CI –0.77
to−0.02, p= 0.037), lower
likelihood of high WC (OR
0.77, 95% CI 0.63–0.95,
p= 0.018) and high waist-
hip ratio (OR 0.72, 95% CI
0.58–0.89, p= 0.002).
Mixed 8
Menai et al., 2015 To examine correlates of
active transport in French
adults and to determine
associations with physical
activity across domains.
French adults aged
18 years and over
n= 39.295
Cross-sectional Travel time
by
commuting
mode
[S]
BMI
[S]
BMI signiﬁcantly negatively
associated with all domains
of walking and cycling
(commuting, leisure and
errands).
Expected 9
Mendoza and Liu,
2014
To examine whether ATS in
kindergarten was associated
with adiposity in Grade 5
children.
Kindergarten aged
children in the US
in 1998–99
n = 12.022
Long.
Follow-up
6 years
Main mode
of transport
to school
[S]
BMI
[O]
Children who ATS in
kindergarten had lower BMI
z-scores in ﬁfth grade than
peers who were passive
commuters to school,
regardless of BMI z-score in
kindergarten.
Expected 7
Molina-GarcÍA et
al., 2015
To examine behavioural
change, correlates of public
bicycle share scheme and
potential role in promotion
of healthy weight.
Spanish university
students,
n = 173
Long.
Follow up
8 months
Frequency
of modes
per week
[S]
BMI
[S]
Increase in bicycle energy
expenditure may suggest a
positive role in promotion of
healthy weight. BMI
difference amongst bicycle
share users between T1 and
T2 was 0.3 BMI units.
Expected 6
Muthuri et al., 2014 To determine the prevalence
and determinants of
overweight and obesity in
Kenyan children.
Kenyan children
aged 9–11 years
n = 563
Cross-sectional Mode of
transport
to school
[S and O]
BMI, %
body fat,
WC
[O]
A higher proportion of
children using motorised
transport were overweight
or obese (25.8%) compared
to those using AT (14.7%) to
get to/from school
(p = 0.0019).
Expected 6
Mwaikambo et al.,
2015
To determine the prevalence
and factors associated with
overweight and obesity in
children in Dar es Salaam.
Children aged 7 to
14 years attending
primary school in
Dar es Salaam,
n= 1722
Cross-sectional Mode of
transport
to school
[S]
BMI
[O]
Children using private cars
or school buses were more
likely to be overweight or
obese than those who used
public transport
(AOR = 1.6, 95% CI 1.1–2.3,
p b 0.05).
Expected 7
Olabarria et al.,
2014
To examine the relationship
between mobility and
overweight and obesity.
Spanish adults
living in Barcelona
n = 2312
Cross-sectional Mobility
(walking,
public
transport,
private
transport)
BMI
[S]
No signiﬁcant associations
between mode of mobility
and obesity were observed
in women. In men, lower risk
of overweight/obesity found
in those who walked
Mixed 7
(continued on next page)
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Table 3 (continued)
Publication Aim of study Population Study design Exposure
[O/S]
Outcome
[O/S]
Results Association Strength
of
evidence
[S] (walking b30 min PR0.81,
95% CI 0.70–0.93 and
walking ≥30 min PR = 0.81,
95% CI 0.73–0.90) or
travelled by public transport
only (PR = 0.75, 95% CI
0.64–0.90).
Pearson et al., 2014 To examine the inﬂuence of
neighbourhood
environments on weight
outcomes and weight related
behaviours.
Adults living in
New Zealand aged
15 years and over.
n = 12.488
Cross-sectional Prevalence
of AT to
work
[S]
BMI
[S]
Overweight and obesity
status not signiﬁcantly
associated with AT to work
in adjusted models.
Non-signiﬁcant 6
Rissel et al., 2014 To examine the prevalence
of walking and cycling, and
associations with BMI.
Adults living in
NSW aged
16 years or over.
n = 21.229
Cross-sectional
(pooling)
Main mode
of transport
to work
[S]
BMI
[S]
Walking to work
signiﬁcantly associated with
lower BMI (men β−2.47,
95% CI -4.43 to−0.51
women β−2.95, 95% CI
-4.91 to−0.99). Cycling to
work signiﬁcantly associated
with lower BMI in men
(β-2.15, 95% CI -4.11 to
−0.19) but not in women.
Mixed 7
Sarmiento et al.,
2015
To assess associations
between adiposity indicators
and ATS in low, middle and
high income countries
Children aged 9 to
11 years from 12
countries
n = 7372
Cross-sectional Mode of
transport
to school
[S]
BMI,
obesity, %
body fat,
WC
[O]
Children reporting AST were
less likely to be obese, had
lower WC, and lower % body
fat compared to children
who used motorised
transport to school. Negative
associations found between
BMIz and ATS (AOR -0.09,
p = 0.012) for both genders.
Non-signiﬁcant association
for girls when stratiﬁed.
Mixed 7
Schauder and Foley,
2015
To examine the extent to
which the time spent
walking or cycling for
transport is associated with
10 health outcomes.
Adults living in the
US
n = 10.498
Cross-sectional
(pooling)
Daily
minutes of
active
transport
[S]
BMI
[O and S]
BMI, overweight and obesity
signiﬁcantly associated with
AT using OLS regression
(BMI−0.188, p b 0.01;
overweight−0.0102,
p b 0.01; obese−0.01
p b 0.01). Using
instrumental variables,
association of AT with BMI
no longer statistically
signiﬁcant (overweight
−0.0401, p b 0.05; obese
−0.0485, p b 0.05).
Mixed 8
Scheepers et al.,
2015
To examine associations
between AT and perceived
general health, wellbeing
and body weight.
Adults living in the
Netherlands
n = 3663
Cross-sectional Preferred
mode
[S]
BMI
[S]
Cyclists more likely to have a
health body weight than car
users (OR = 1.52, 95% CI
1.28–1.79). Walkers more
likely to have a healthy body
weight than car users
(OR = 1.35, 95% CI 1.09–
1.69).
Expected 7
Skreden et al., 2016 To examine whether women
who maintain active
transport to work
throughout pregnancy will
have a lower weight gain
than women who change to
less active modes of
transport.
Pregnant
employed women
in the Norwegian
Fit For Delivery
trial, using AT to
work
pre-pregnancy
n = 219
Long.
(prospective
trial data) with
follow up at
16, 30,
36 weeks and
term delivery
Mode of
transport
to work
[S]
Weight
[S and O]
Weight gain through
pregnancy was signiﬁcantly
different between women
who switched from active
transport to motorised
transport (“active-less
active”) vs those who
maintained active transport
throughout pregnancy
(“active-active”) (2.2 kg
difference at term delivery,
sig. at 1% level).
Expected 6
Sugiyama et al.,
2016
To examine associations of
time spent sitting with
Australian adults
aged 34–65 years
Cross-sectional Time spent
in car in
BMI, WC
[O]
Overall, compared to
spending b15 min per day in
Mixed 8
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Machado-Rodrigues et al., 2014; McKay et al., 2015; Menai et al., 2015;
Mwaikambo et al., 2015; Olabarria et al., 2014; Pearson et al., 2014;
Rissel et al., 2014; Sarmiento et al., 2015; Schauder and Foley, 2015;
Scheepers et al., 2015; Sugiyama et al., 2016; Sun et al., 2015; Wojan
and Hamrick, 2015; Ding et al., 2014; Falconer et al., 2015; Martin et
al., 2015; Martinez-Gomez et al., 2014; Mendoza and Liu, 2014;
Skreden et al., 2016; Flint et al., 2014). Interestingly though, only thir-
teen studies (39%) controlled for diet in some way (Wijtzes et al.,
2014; Wanner et al., 2016; Berglund et al., 2016; Fernandez et al.,
2015; Flint and Cummins, 2016; Laverty et al., 2015; McKay et al.,
2015; Olabarria et al., 2014; Rissel et al., 2014; Schauder and Foley,
2015; Sugiyama et al., 2016; Skreden et al., 2016; Flint et al., 2014)
and 20 (61%) controlled for PA in a domain other than transportation
(Flint and Cummins, 2016; Gutiérrez-Zornoza et al., 2015; Jáuregui et
al., 2015; Larouche et al., 2014b; Laverty et al., 2015;
Machado-Rodrigues et al., 2014; McKay et al., 2015; Menai et al.,
2015; Olabarria et al., 2014; Rissel et al., 2014; Sarmiento et al., 2015;
Schauder and Foley, 2015; Scheepers et al., 2015; Sugiyama et al.,
2016; Sun et al., 2015; Wojan and Hamrick, 2015; Ding et al., 2014;
Martinez-Gomez et al., 2014; Skreden et al., 2016; Flint et al., 2014).
Table 3 (continued)
Publication Aim of study Population Study design Exposure
[O/S]
Outcome
[O/S]
Results Association Strength
of
evidence
markers of cardio-metabolic
risk in Australian adults.
n = 2800 last week
[S]
cars, spending N1 h per day
in cars was signiﬁcantly
associated with higher BMI
(0.77 higher BMI, 95% CI
0.16–1.38, p b 0.05) and WC
(1.5 cm greater waist, 95% CI
0.02–2.98, p b 0.05). When
stratiﬁed by gender however
time spent in cars only stat
sig. For men (BMI higher by
1, 95% CI 0.23–1.77, p b 0.05
in men driving N60 mins/
day).
Sun et al., 2015 To examines associations
between ATS and physical
and mental well-being in
Chinese children.
Chinese school
students in grades
1 to 12
n = 21.596
Cross-sectional Mode of
transport
to school
[S]
BMI,
skinfold,
WC
[O]
ATS was signiﬁcantly
associated with lower BMI, %
body fat and WC. ATS was
associated with lower odds
of being obese (AOR 0.855,
95% CI 0.786 to 0.930)
compared with children
using motorised transport.
Expected 8
Wanner et al., 2016 To examine cross-sectional
associations between
domain speciﬁc PA and
measures of obesity.
Adult participants
aged 18 to
60 years in the
Swiss Cohort Study
on Air Pollution
and Lung and
Heart Disease in
Adults
n = 3042
Cross-sectional Domain
speciﬁc PA
[S]
BMI, WC,
waist to
hip, waist
to height,
% body fat
[O]
Cross-sectional results
suggest an association
between transport-related
PA and obesity parameters in
the lowest and highest
tertiles, but not for per cent
body fat.
Mixed 6
Wijtzes et al., 2014 To examine associations of
children's sedentary and
physical activity behaviours
with indicators of body fat.
Dutch children
aged 6 years
n = 5913
Cross-sectional Days per
week of
ATS
[S]
BMI, fat
mass
[O]
No signiﬁcant associations
found between ATS and
indicators of body fat.
Non-signiﬁcant 7
Wojan and
Hamrick, 2015
To examine association
between compact
development, AT and body
composition.
Adults aged
20 years or over
living in the US
n = 12.405
Cross-sectional Mode of
transport
to work
[S]
BMI
[S]
Average treatment effect of
−1.83 from AT on BMI
(p = 0.008, 95% CI -3.1764
to−0.484). This translates
into 11 fewer pounds for the
average respondent who
walks or cycles to work.
Expected 8
Table notes: CI= conﬁdence interval. PA=Physical activity. BMI= bodymass index. [O]=Objectivelymeasured. [S]= Self-reported. AT=active transport.WC=waist circumference.
% = per cent. ARR= adjusted rate ratio. OR= odds ratio. AOR= adjusted odds ratio. PR = prevalence ratio. Mins =minutes. Freq= frequency. Long= longitudinal. Kgs = kilograms.
SD = standard deviation. NSW= New South Wales. ATS = active transport to school. BPAR = blood pressure and adiposity risk.
Table 4
Overview of associations reported in published reviews and papers published since 2014.
Children and adolescents Populations aged 18 years plus Total
(%)
Status of association As reported in published
reviews
Studies published since
2014
As reported in published
reviews
Studies published since
2014
Expected association 28 5 18 11 62
(29%)
Opposite association 4 0 0 0 4 (2%)
Mixed association 27 6 29 8 70
(33%)
No association or association not signiﬁcant at
5% level
65 2 8 1 76
(36%)
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Table 4 summarises the overall published associations between
transport behaviours and obesity outcomes included in our scoping
review.
3.2. Health impact modelling using scoping review results
Given the inconclusive nature of the evidence (Table 4),modelling of
the potential obesity related health impacts of transport behaviours is
problematic and needs to be interpreted carefully. The application of ef-
fect estimates from the best available literature is still reliant on as-
sumptions around causation, transferability and generalisability of
results. Information on the potential magnitude of the health impact
of transport policies and interventions for obesity prevention are how-
ever useful to public health researchers, policymakers and stakeholders
within the transport, health and environmental ﬁelds, providing they
are not over-interpreted.
Estimates of statistically signiﬁcant BMI association of transport be-
haviours in studies published since 2014 varied. Direct comparison or
meta-analysis of results was not possible due to themethodological dif-
ferences between studies. The majority of studies reporting statistically
signiﬁcant regression coefﬁcients however found an effect of b1 BMI
point associated with the relevant transport behaviour (Fig. 3).
The effect estimate as presented in the study byMartin et al. (Martin
et al., 2015) was therefore selected for health impact modelling, due to
the comparative strength of the study's longitudinal design. Whilst the
study had some limitations, Martin et al. (Martin et al., 2015) present
the ﬁrst estimates of individual level impact on BMI of modal switch
using cohort data from the nationally representative British Household
Panel Survey (BHPS). The association with BMI is also relatively conser-
vative in comparison to the results of some other studies (Fig. 3). Martin
et al. (Martin et al., 2015) found that modal switch from private trans-
port to active or public transport for work journeys was associated
Fig. 3. Studies published since 2014 reporting statistically signiﬁcant associations between transport and BMIa Figure Notes: aDirect comparison of results is not recommended due to
methodological differences between studies. BMI = body mass index. AT = active transport. ATS = active transport to school. Pu = public transport. P = private transport. W =
walking. C = cycling.
Table 5
Modelling parameters and data sources for hypothetical scenario analyses.
Parameter Mean valuea 95% UIa Source Limitations and assumptions
“What-if” scenario analysis
BMI effect of modal switch from
private transport to public or
active transport
–0.31 kg/m2 (−0.037 to
−0.579 kg/m2)
Samples drawn from a normal distribution
(mean = −0.32 kg/m2, s.d. 0.1375) from one published
source (Martin et al., 2015)
- Assumes generalisability and trans-
ferability of effect estimate to Austra-
lian population.
- Sample size for exposed n = 179, sam-
ple size for non-exposed n= 3090.
5% increase in the Melbourne working age population in the
workforce using public or active transport
VISTA (Department of Transport Planning and Local
Infrastructure, 2016) and ABS (Australian Bureau of
Statistics, 2011)
Assumes accuracy of VISTA and ABS data.
Table notes: aBased on 2000 simulations drawn from parameter speciﬁc distributions. 95% UI = 95% uncertainty interval. BMI = body mass index. s.d = standard deviation. VISTA =
Victorian Integrated Survey of Travel and Activity. ABS = Australian Bureau of Statistics.
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with a signiﬁcant reduction in BMI compared to continued private vehi-
cle use (−0.32 kg/m2, 95% CI –0.60 to−0.05) (Martin et al., 2015). As-
suming the transferability of this effect, this equates to a hypothetical
reduction in weight of approximately 0.99 and 0.85 kg on average in
Australian men and women of working age (deﬁned here as 20 to
64 years of age) respectively.
Modal share of active or public transport to work amongst people
living in metropolitan Melbourne, Australia is approximately 24%
(Department of Transport Planning and Local Infrastructure, 2016).
Our “what-if” analysis assumes a hypothetical 5% increase in the Mel-
bourne working population (aged 20 to 64 years, in the workforce)
usingpublic or active transport (assumed former private transport com-
muters) and estimates potential obesity-related health impacts. An im-
provement of 5% modal shift was selected for modelling as it was
considered to be relatively conservative and feasible given current social
and demographic proﬁles for Melbourne. It should be noted however
that the current body of literature on cost-effectiveness of AT interven-
tions incorporating PA-related health beneﬁts relies heavily on relative-
ly weak evidence of effect (Brown et al., 2016). Modelling parameters
and data sources are given in Table 5.
4. Results frommodelling potential health impact
Assuming generalisability and transferability of scenario effect esti-
mates from the literature, we can see that potential obesity-related
health gainsmay be achieved from transport interventions that encour-
age less time spent in cars and more time spent walking and cycling
(Table 6). Whilst the evidence base for our modelling assumptions is
not robust, we can surmise from published studies that any potential
BMI effect attributable to transport behaviours would likely be relative-
ly small on an individual level. Ourmodelling demonstrates that the po-
tential health impact of small changes in BMI across populations may
also have small but nonetheless signiﬁcant population level effects.
Results fromour hypothetical “what-if” analysis suggest that a 5% in-
crease in active commuting of the Melbourne working age population
would result in 65 health adjusted life years (HALYs) gained per year.
If the intervention effect wasmaintained over the lifetime of the cohort
this would result in 1602 total lifetime HALYs gained. Total health care
cost savings from diseases averted would total just over $750,000 per
year. If the intervention effect was maintained over the lifetime this
would result in an almost $20 million dollar saving to the Australian
health system – a not inconsequential amount given the growing bur-
den of obesity on health care systems. Even if we halved both the effect
estimate (i.e. –0.16 kg/m2) and the population exposed (i.e. 2.5%modal
switch) in a crude sensitivity analysis our modelling still suggests mod-
est but worthwhile effects (16 HALYs gained per year (95% CI 12–21),
health care cost savings approximately $190,616 per year (95% CI
$137,814–$246,788)). This work ﬁts into a broader body of work exam-
ining the cost-effectiveness of non-health sector interventions for obesi-
ty prevention.Whilst at this time a comparison of results across obesity
prevention efforts is unable to be made, the potential cost-effectiveness
of transport sector initiatives will be compared and contrasted with in-
terventions from other sectors (yet to be published).
5. Discussion
This paper serves as an obesity impact assessment of the transporta-
tion sector given the current body of evidence. Despite growing interest
in the health-related impacts of transport behaviours and the fact that
the transport sector has been identiﬁed as a “piece of the puzzle” in me-
diating obesogenic environments (Swinburn et al., 2011), it is clear that
our analysis raises more questions than can conﬁdently be answered at
this point in time. The link between active transport and obesity is con-
troversial. Whilst a feasible logic pathway exists, our review demon-
strates the current inconclusive nature of the evidence of an
association between transport and obesity. Because obesity is a second-
ary outcome on the causal pathway and is inﬂuenced by dietary, PA and
biological factors, the existing literature on the health impacts of trans-
port behaviours currently focuses more broadly on PA, injuries and
emissions effects (Mueller et al., 2015). Only three transport-related
health impact studies including obesity as a health endpoint
have been published to date (Woodcock et al., 2009; Jarrett et al.,
2012; James et al., 2014), and none of them have had a speciﬁc obesity
focus.
Whilst the evidence is currently inconclusive, our analysis of pub-
lished reviews found that differing methods for reporting associations
may have resulted in potential overstatement of the strength of evi-
dence at this point in time. Some published reviews report high propor-
tions of expected associations between transport behaviours and
obesity but do not readily distinguish between mixed and expected as-
sociations. For instance, the review by McCormack & Virk (McCormack
and Virk, 2014) cites 80% of studies as reporting expected associations
between driving behaviours and obesity. The authors note that some
mixed associations (including expected associations) were found. If
the papers withmixed ﬁndings are separated from those with expected
or non-signiﬁcant ﬁndings as per our methods here, only 50% of studies
included in that review reported expected associations. Similarly, the
study by Schoeppe et al. (Schoeppe et al., 2013) reported 50% of in-
cluded studies relevant here as reporting expected associations,
however if studies with mixed associations are separated that num-
ber falls to 30%. Our method here for reporting associations may
therefore more accurately reﬂect the inconclusive nature of the evi-
dence as it currently stands, but may be regarded as a more conser-
vative approach to the reporting of the current body of evidence
than in previous reviews.
Our review of studies published since 2014 demonstrates the grow-
ing interest in the obesity-related impacts of transport behaviour, with
33 new primary studies published in a relatively short period of time.
There is increasing acceptance of the need to embrace both feasible
and innovative approaches to the gathering of evidence in order to bet-
ter understand potential health impacts of transportation systems (de
Nazelle et al., 2011; Mueller et al., 2015; Ogilvie et al., 2010; Gerike et
al., 2016). Given the burden of obesity worldwide, it is important that
obesity speciﬁc health impacts of transportation systems be addressed
through more and better designed and funded research that:
• Explores longitudinal associations between transport behaviours and
health impacts, and obesity-related impacts speciﬁcally;
• Objectively measures outcomes;
Table 6
Obesity related health impacts from scenario of association of transport behaviours and
BMI, with 95% uncertainty intervalsa.
“What-if” scenario analysis Results
HALYs gained per year 65
(95% UI 48–85)
Total lifetime HALYs gained
(assuming effect stability over time)
1602
(95% UI 1165–2086)
Health care cost offsets per year (AUD2010) $766,651
(95% UI
$559,285–$982,067)
Total lifetime health care cost offsets (AUD2010)
(assuming effect stability over time)
$18,824,326
(95% UI
$13,782,095–$24,498,093)
Table notes: a 95%UI=95% uncertainty intervals based on 2000 simulations drawn from
parameter speciﬁc distributions. BMI = body mass index. HALYs = health adjusted life
years. AUD = Australian dollars.
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• Accurately collects data on transport behaviours, ideally simulta-
neously across different transport domains (for instance leisure, com-
muting, occupational);
• Examines potential differences in health beneﬁts between modes;
• Examines potential dose-response relationships;
• Uses appropriate lengths of time to observe potential effects;
• Is appropriately powered, representing another challenge given that
in many places around the world cycling in women for instance has
very low prevalence; and
• Measures and controls for the many potential confounding factors
that may inﬂuence the association between transport and obesity.
Obviously our health impactmodelling is limited by the inconclusive
nature of the evidence of an obesity effect of transport behaviours. Our
modelling relies on a number of assumptions and is designed as a hypo-
thetical “conversation starter” into how transportation choices might
impact on future obesity-related health care costs, quality and quantity
of life experienced by populations. The use of hypothetical assumptions
for assessing the broader health and economic costs and beneﬁts of
transport behaviour is relatively common due to the lack of more reli-
able information and the inherent challenges in collecting this type of
information (Brown et al., 2016). Limitations of our analysis include
the assumption that effect estimates are generalisable and transferable
to our population of interest. In the absence of better quality evidence,
limitations also include the assumption that association equates to cau-
sation,whichwe know itmay not. A number of the BradfordHill criteria
for causation (Hill, 1965) are however addressed to the best of our abil-
ity. Plausibility of mechanism for an obesity effect of AT is established
and the use of an effect estimate from a longitudinal study design in
our modelling minimises the effects of individual level confounding.
The exploratory results from our health impact scenario modelling
therefore provide some tangible evidence of the potential value of de-
voting time, energy and resources to gaining a better understanding of
obesity-related effects across populations. Our results for theMelbourne
population suggest there may be small but worthwhile obesity speciﬁc
impacts from improving rates of AT and reducing ‘automobility’, with
the potential to contribute to broader policies to improve obesity-relat-
ed outcomes across populations. Whilst AT will not be the sole panacea
for obesity it may contribute as amediator of bodyweight over time. In-
terventions that improve rates of AT support the shift in paradigm from
the dichotomous framing of the central cause of obesity as personal
choice versus environmental inﬂuence to the emerging perspective
that the interaction between personal choice and the environment
must be successfully tackled to halt the obesity epidemic (Roberto et
al., 2015). The incorporation of incidental PA through utilitarian transport
in particular is regarded as a potentially feasible method for improving
rates of PA, both in the healthyweight and overweight and obese popula-
tions. Yet given the relatively low prevalence of AT in many parts of the
world, including in Australia, it is clear that effective and cost-effective in-
terventions to promote and support AT are required.
Results from our review suggest that any potential BMI effect associ-
ated with transport behaviours is likely to be relatively small, but that
small but signiﬁcant population level health gains may be possible
from interventions that are effective in achieving modal shift. Given
this potentially small effect it is clear that the cost-effectiveness of active
transport interventions from an obesity prevention perspective may
rely on relatively low cost outlays. Careful design of potential interven-
tions is also required because intervention effectiveness ismost likely to
be achieved in those most amenable to modal switch. Many factors in-
ﬂuence modal choice including age, gender, topography, climate, per-
ception of safety, distance, access, convenience and culture. In order to
be both effective and cost-effective from an obesity prevention perspec-
tive, proposed interventions must successfully interpret and negotiate
these and other inﬂuences in order to target those amenable to behav-
ioural change. Those not currently amenable to modal switch may
over time also become more accepting, through a combination of
well-designed interventions to breakdown some of these barriers to
AT behaviours, and through the normalisation of AT behaviours in
those more readily amenable to modal switch.
Our study has several other limitations. Given the scoping nature of
our literature, search relevant studies may have been inadvertently
omitted, althoughwe have taken steps to avoid the chance of this occur-
ring (including using comprehensive academic databases within our
search, and including key references from included studies and expert
review). The vote count method employed to report associations is un-
able to capture Type II error within study inclusions; nor does it capture
study quality or size of effect for individual studies reported in our ‘re-
view of reviews’. Results from a meta-analysis would also be preferable
for use in our health impact modelling however, given the heterogene-
ity of the published literature at this time, this is not possible. In light of
the limited evidence base for obesity effect, future studies examining
broader health impacts of transport interventions with an obesity
focus should also consider PA effect (modelled to obesity effect), al-
though the purpose of this review was to examine evidence for obesity
effect speciﬁcally.
6. Conclusion
Our review demonstrates the emerging body of evidence linking
transport behaviours with health outcomes, and more speciﬁcally obe-
sity-related health impacts. To the best of our knowledge this is the ﬁrst
health impact scoping review and modelling of transport behaviours
with obesity as a speciﬁc focus. Whilst a credible logic pathway and
growing evidence base supports the notional association between ac-
tive transport and lower rates of obesity, more evidence is required
using more rigorous study designs that control for potential confound-
ing factors. Whilst our obesity impact scoping review and modelling
was limited by assumptions around generalisability, transferability
and causation and can therefore only provide hypothetical estimates
of potential health impact of transport behaviours, the results demon-
strate that theremay be small but potentially signiﬁcant obesity-speciﬁc
beneﬁts in committing time and resources to achieving environments
and cultures that are more conducive to AT.
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Appendix A. Search strategies
Scoping review of reviews.
Database Search strategy Limiters Hits
Scopus “Active transport*” OR “active travel*” OR “active commut*” AND obesity OR “body mass index” OR “body
weight” OR health
Article or review 40
EBSCOHost (all
databases)
Systematic review AND “active transport*” OR “active travel*” OR “active commut*” AND obesity OR “body
mass index” OR “body weight” OR health
Scholarly
(peer-reviewed) journals;
57
Search date 15 November
2015
Duplicates 40
After duplicates removed. Titles and abstracts searched. 57
Not relevant 48
Total from database search 9
Total from expert reference or from search of reference lists 2
Final inclusions for primary studies 2014-present 11
Scoping review of studies published 2014-present.
Database Search strategy Limiters Hits
Scopus “Active transport*” OR “active travel*” OR “active commut*” AND obesity OR “body mass index” OR
“body weight” OR health
2014-present 324
EBSCOHost (all
databases)
“Active transport*” OR “active travel*” OR “active commut*” AND obesity OR “body mass index” OR
“body weight” OR health
Scholarly (peer-reviewed) journals;
2014-present
413
Total 737
Duplicates 234
After duplicates removed. Titles and abstracts searched. 503
Not relevant 473
Total from database search 30
Total from expert reference or from search of reference lists 3
Final inclusions primary studies 2014-present 33
Search date 16 May
2016
Appendix B. Criteria for quality of reporting assessment score based on PRISMA guidelines (systematic reviews)
PRISMA
item
Criteria description, based on PRISMA
checklist (Moher et al., 2009)
Study reference number
(Faulkner
et al.,
2009)
(Larouche
et al.,
2014a)
(Lee
et al.,
2008)
(Lubans
et al.,
2011)
(Mayne
et al.,
2015)
(McCormack
and Virk,
2014)
(Oja
et al.,
2011)
(Saunders
et al.,
2013)
(Schoeppe
et al.,
2013)
(Wanner
et al.,
2012)
(Xu
et al.,
2013)
1. Identiﬁes the report as a systematic review,
meta-analysis, or both
1 1 1 1 1 0 1 1 1 1 1
2. Provides a structured summary, appropriate
to the journal submission guidelines
1 1 1 1 1 1 1 1 1 1 1
3. Describes the rationale for the review in the
context of what is already known
1 1 1 1 1 1 1 1 1 1 1
4. Provides an explicit statement of objectives
for the study
1 1 1 1 1 1 1 1 1 1 1
5. Indicates whether a review protocol exists 0 1 0 0 0 0 0 1 0 0 0
6. Speciﬁes study characteristics used as criteria
for eligibility, giving rationale
1 1 1 1 1 1 1 1 1 1 1
7. Describes all information sources in the
search and date last searched
1 1 1 1 1 1 0 1 1 1 1
8. Presents full electronic search strategy for at
least one database, such that it could be
repeated
0 1 1 0 1 1 1 1 0 0 1
9. States the process for selecting studies 0 1 1 1 1 1 1 1 1 1 1
10. Describes method for extracting data and any
methods for obtaining and conﬁrming data
0 1 1 0 1 1 1 1 0 1 0
11. List and deﬁnes all variables for which data
were sought and any assumptions or
simpliﬁcations
1 1 1 1 1 1 1 1 1 1 0
12. and
15.
Describes methods for assessing risk of bias of
individual studies and across studies
0 1 0 1 1 0 1 1 1 1 1
13. States principal summary measures 1 1 1 1 1 1 1 1 1 1 0
14. Describes synthesis of results or reasons why
results cannot be synthesised (i.e.
heterogeneity)
1 1 1 1 1 1 1 0 1 1 1
(continued on next page)
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(continued)
PRISMA
item
Criteria description, based on PRISMA
checklist (Moher et al., 2009)
Study reference number
(Faulkner
et al.,
2009)
(Larouche
et al.,
2014a)
(Lee
et al.,
2008)
(Lubans
et al.,
2011)
(Mayne
et al.,
2015)
(McCormack
and Virk,
2014)
(Oja
et al.,
2011)
(Saunders
et al.,
2013)
(Schoeppe
et al.,
2013)
(Wanner
et al.,
2012)
(Xu
et al.,
2013)
16. Describes methods of additional analyses if
applicable
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
17. Gives number of studies at each stage of the
process, with ﬂow diagram
0 1 0 1 1 1 1 1 1 1 1
18. Presents data for each individual study. For
our purposes, sample size and study duration
must be presented as a minimum to receive a
score = 1
1 0 1 0 1 1 1 0 1 1 1
19. Presents data on risk of bias if each study,
with quality assessment score
0 1 0 1 1 0 1 1 1 1 0
20. Presents data on results for each individual
study
1 1 1 1 1 1 1 1 1 1 1
21. Presents synthesis of results. N or =1 if
further quantitative graph, table is presented.
N N 1 1 N N N 1 1 1 N
22. Presents results of any assessment of risk of
bias. Must explicitly reference potential for
bias to =1
0 1 1 1 1 1 0 1 0 1 1
23. Results of additional analyses N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
24. Summarises main ﬁndings including strength
of evidence where applicable
1 1 1 1 1 1 1 1 1 1 1
25. Discusses study limitations 1 1 1 1 1 1 1 1 1 1 1
26. Provides general interpretation of results and
implications for future research
1 1 1 1 1 1 1 1 1 1 1
27. Describes funding source for study 1 1 1 0 1 1 1 1 1 1 1
TOTAL 15 22 20 19 22 19 20 22 20 22 18
N/A = not applicable. N = narrative synthesis of results give.
Appendix C. Strength of evidence assessment using STROBE statement
Quality criteria Speciﬁcation of scores Score
1 Study type Cross-sectional 0
Longitudinal 1
2 Assessment of exposure, for reporting Combined modes, binary or categoric 0
Combined modes, continuous 1
Mode speciﬁc, binary or categoric 1
Mode speciﬁc, continuous 2
3 Exposure Self-reported 0
Self-reported, using validated instrument 1
Objectively measured 2
4 Outcome Self-reported 0
Objectively measured (at least one timepoint where applicable) 1
5 Sample size Small (n b 500) 0
500–10,000 1
N10.000 2
6 Completeness of data Data available for b80% of participants or not reported 0
Data available for ≥80% of participants 1
7 Confounding Not controlled for confounders 0
Controlled for minimal confounders, did not control for age, gender, proxy for socioeconomic position (e.g.
income, education)
1
Controlled for at least age, gender, proxy for socioeconomic position (e.g. income, education) 2
Controlled for above and other confounders 3
8 Clear presentation of results of associations of
interest
No table listing results and signiﬁcance 0
Table listing results and signiﬁcance 1
Total (highest possible) 13
Appendix D. Results of quality assessment of studies published since 2014
Study Quality assessment criteria QA score
1 2 3 4 5 6 7 8
Berglund et al., 2016 0 0 0 0 1 0 3 1 5
Bopp et al., 2014 0 0 0 0 1 0 3 0 4
Dąbrowska et al., 2015 0 0 1 0 0 1 3 1 6
Ding et al., 2014 0 1 0 0 2 1 3 1 8
Falconer et al., 2015 1 0 0 1 1 0 3 1 7
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(continued)
Study Quality assessment criteria QA score
1 2 3 4 5 6 7 8
Fernandez et al., 2015 0 0 0 1 1 0 1 1 4
Flint et al., 2014 0 0 0 1 1 0 3 1 6
Flint and Cummins, 2016
Flint & Cummins, 2015
0 2 0 1 2 0 3 1 9
Gutiérrez-Zornoza et al., 2015 0 0 0 1 1 0 1 1 4
Jáuregui et al., 2015 0 1 1 1 1 0 3 0 7
Larouche et al., 2014b 0 1 2 1 1 0 3 1 9
Laverty et al., 2015 0 0 1 1 2 1 3 1 9
Machado-Rodrigues et al., 2014 0 0 0 1 1 0 3 1 6
Martin et al., 2015 1 0 0 0 1 1 3 1 7
Martinez-Gomez et al., 2014 1 1 0 1 1 0 3 1 8
McKay et al., 2015 0 0 1 1 1 1 3 1 8
Menai et al., 2015 0 1 1 0 2 1 3 1 9
Mendoza and Liu, 2014 1 0 0 1 1 0 3 1 7
Molina-GarcÍA et al., 2015 1 2 1 0 0 1 1 0 6
Muthuri et al., 2014 0 0 2 1 1 1 0 1 6
Mwaikambo et al., 2015 0 0 0 1 1 1 3 1 7
Olabarria et al., 2014 0 1 0 0 1 1 3 1 7
Pearson et al., 2014 0 0 0 0 2 0 3 1 6
Rissel et al., 2014 0 1 0 0 2 0 3 1 7
Sarmiento et al., 2015 0 0 0 1 1 1 3 1 7
Schauder and Foley, 2015 0 1 0 1 2 0 3 1 8
Scheepers et al., 2015 0 1 0 0 1 1 3 1 7
Skreden et al., 2016 1 0 0 1 0 0 3 0 5
Sugiyama et al., 2016 0 1 0 1 1 1 3 1 8
Sun et al., 2015 0 0 0 1 2 1 3 1 8
Wanner et al., 2016 0 0 1 1 1 0 3 0 6
Wijtzes et al., 2014 0 0 0 1 1 1 3 1 7
Wojan and Hamrick, 2015 0 1 0 0 2 1 3 1 8
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a b s t r a c t
Congestion pricing schemes have been implemented in cities worldwide as a means of addressing
externalities associated with inefﬁcient price signals in transport systems. Limited evidence exists
however on the secondary impacts of these schemes, which may include both environmental and health
beneﬁts associated with a resultant reduction in motor vehicle usage. There is increasing recognition
that transport behaviours may play a role as opportunistic population level targets to reduce physical
inactivity. Yet limited evidence currently exists on the effectiveness of transport interventions, such as
congestion pricing schemes, for improving physical activity levels.
This study aims to examine the physical activity effects of congestion pricing, with the health beneﬁts
of physical activity well established. Congestion pricing schemes implemented internationally were
considered as ‘natural experiments’ and evidence of modal shift from vehicle to active forms of transport
or physical activity effect was reviewed. Twelve studies were included from a search of peer-reviewed
and ‘grey’ literature, with overall evidence for a physical activity or modal shift effect considered weak.
The quality of the available evidence was also considered to be low.
This is not to say that congestion pricing schemes may not have important secondary physical
activity related health beneﬁts. Instead, this review highlights the paucity of evidence that has been
collected from real-world implementation of congestion pricing schemes. Given the growing recognition
of the importance of distal mediators and determinants of health and the need for an ‘all-of-government’
approach more and better quality evidence of effectiveness of transport interventions for a broad range
of outcomes, including health, is required. Signiﬁcant barriers to the collection of such evidence exist,
with strategies for overcoming some of these barriers identiﬁed. Only with a better understanding of the
full range of potential health impacts can transport policy be fully utilised as a tool for population health.
Crown Copyright & 2015 Published by Elsevier Ltd. All rights reserved.
1. Introduction
Motorised transportation has increased signiﬁcantly worldwide in recent decades, in both developed and developing countries.
Whereas personal motor vehicles were once considered an expensive luxury, the number of cars worldwide has been estimated at over
1 billion (Tencer, 2011), with urban environments, culture, access to goods and services, economic growth and mobility inextricably linked
with motor vehicle usage in most parts of the world. Increasing ownership of motor vehicles has brought with it the scourge of many
modern cities – trafﬁc congestion. The economic cost of trafﬁc congestion is very high, with a recent report estimating that by 2030 the
total cumulative cost for trafﬁc congestion in the UK, US, France and Germany will be USD$4.4 trillion dollars (INRIX and the Centre for
Economics and Business Research, 2014).
Inadequate price signals in transport systems may create incentives for automobile dependence, leading to inefﬁcient modal choices and
externalities. Congestion pricing is a form of trafﬁc demand management aimed at reducing the opportunity cost and loss of productivity
associated with trafﬁc congestion at peak times or on peak routes (U.S. Department of Transportation Federal Highway Administration, 2006).
Contents lists available at ScienceDirect
journal homepage: www.elsevier.com/locate/jth
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Congestion pricing was ﬁrst introduced in Singapore in 1998, and various types of congestion pricing schemes have since been introduced in cities
around the world including London, Stockholm, Gothenburg and Milan.
An important secondary beneﬁt of congestion pricing schemes may be the encouragement of active transport, deﬁned as walking, cycling and
use of public transport, as the cost of motor vehicle travel rises (Krizek et al., 2009; Hysing et al., 2014; Martin et al., 2012). Transport behaviours
are an opportunistic target for population health interventions aimed at reducing sedentarism, as relatively small individual level changes could
lead to large population effects (McCormack and Virk, 2014). An increase in active transport may result in increased physical activity and energy
expenditure across populations, with a potential impact on the growing burden of obesity and other non-communicable diseases (Hill and Peters,
1998; Hill et al., 2003; Bauman et al., 2008; Sallis et al., 1998; Saunders et al., 2013). Yet limited evidence exists on the impact of the wide range of
transport interventions that may have an effect on physical activity and transport behaviours (Ogilvie et al., 2004; Mozaffarian et al., 2012;
Graham-Rowe et al., 2011; Faulkner et al., 2011), with even less known about the potential physical activity related effects of congestion pricing
(Faulkner et al., 2011; Li and Hensher, 2012; O'Fallon et al., 2004; Jou et al., 2007). This is despite the fact that there is a feasible logic pathway
linking congestion pricing schemes with the health beneﬁts of an increase in physical activity (Fig. 1).
To date, no review exists which speciﬁcally explores the impact of congestion pricing on modal shift to active modes of transport and
physical activity using evidence from real-world examples. This paper seeks to examine the evidence by conducting a scoping review of
the physical activity related effects of international congestion pricing schemes that have been implemented in London, Singapore,
Stockholm, Milan and Gothenburg. Other potential effects, such as those relating to injury or air quality, are outside the scope of this paper
however may also have important health considerations (Johansson et al., 2009; Atkinson et al., 2009; Noland et al., 2008).
By using evidence from implemented congestion pricing schemes we are treating these case studies as ‘natural experiments’, or studies of an
intervention or event that have not been manipulated by the researcher (Rosenzweig and Wolpin, 2000; Craig et al., 2012). Few natural
experiments have been published that assess the impacts of policy modiﬁcations on obesity related behaviours such as levels of physical activity
(Mayne et al., 2015). Yet given the challenges in evaluating policy and environmental interventions the use of natural experiments is being
increasingly recognised as an important tool for population health (Giles-Corti et al., 2015; Petticrew et al., 2005). This literature review will
therefore add to the limited body of evidence on the impact of transportation policy speciﬁcally on health outcomes where physical inactivity is a
risk factor. It will also add to the body of evidence on utilising opportunities for natural experiment to build evidence of health effect for transport
interventions.
2. Methods
2.1. Inclusion criteria
To be considered for inclusion, studies had to meet the following inclusion criteria:
1. Be written in the English language in any year;
2. Be a primary study, not a synthesis or review;
3. Be in the public domain, either as an academic paper published in a peer review journal or a study from the ‘grey’ literature, such as a government report or
commissioned document;
4. Use observed data on the effects of the congestion pricing schemes in London, Singapore, Milan, Stockholm or Gothenburg; and
5. Present data on (a) modal shift from motor vehicle to walking, cycling or use of public transport as a result of or in relation to the congestion pricing scheme; or
(b) evidence of a physical activity effect as a result of or in relation to the congestion pricing scheme.
2.2. Search strategy
A comprehensive search of the literature was conducted based on Cochrane guidelines for systematically reviewing public health interventions (Higgins and Green, 2011)
and Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher et al., 2009). The following academic databases were searched: Web
of Science, Scopus, EBSCOHost (including: Business Source Complete, CINAHL Complete, Health Policy Reference Centre, Health Economics Evaluation Database, MedLine
Complete, PsycInfo, SportDiscus). Search strategies were developed for each of the databases (Appendix A). Reference lists of included papers were also searched.
A search of the websites of the relevant countries transport bodies was also undertaken as a search of the ‘grey’ literature. The websites of Transport for London (2015),
Traﬁkverket Swedish Transport Administration (2015), Comune di Milano (2015) and theLand Transport Authority (2015) were searched for publications related to
congestion pricing scheme impacts on modal shift from motor vehicle to active transport or for evidence of any physical activity effects. The database of the Transportation
Research Board (TRB) was also searched.
2.3. Data extraction and review
Data on the relevant congestion pricing scheme, the method for measurement of effect and reported effects were extracted by one reviewer (VB). Meta-analysis was not
possible due to the heterogeneity of included studies. Guidance on the evaluation of natural experiments was published in 2012 by the Medical Research Council in the
United Kingdom (Craig et al., 2012). This guidance was used as a framework for assessing the quality of the evidence of the included studies.
Fig. 1. Potential logic pathway, from congestion pricing to the health beneﬁts of physical activity.
V. Brown et al. / Journal of Transport & Health 2 (2015) 568–579 569
3. Results
3.1. Search results
After the elimination of duplicates, the database search resulted in 480 papers, the titles of which were assessed for relevance by the
reviewer. Title and abstracts of 193 studies were examined for relevance, with the full text of 40 studies then retrieved and reviewed. After
further exclusions, 6 studies from the database searches were included in the ﬁnal review (Bergman et al., 2010; Chin, 1996; Kaida and
Kaida, 2014; Karlström and Franklin, 2009; Luk, 1999; Menon, 2006). One relevant paper was identiﬁed from the reference list search
(White, 2009). One relevant paper was identiﬁed from the TRB (Börjesson and Kristoffersson, 2015).
The grey literature search resulted in the inclusion of an additional 3 papers (Menon, 2000; Transport for London, 2004, 2008). The
London congestion pricing scheme was subject to a ﬁve year monitoring process undertaken by Transport for London, of which two
annual monitoring reports contained relevant information to this study (Transport for London, 2004, 2008). The Stockholm congestion
scheme was also subject to a rigorous evaluation programme, however no additional references were added as a result of the search of the
Traﬁkverket Swedish Transport Administration website as all possible inclusions had been reported elsewhere. No data was found on
modal shift or physical activity effect of the Gothenburg congestion pricing scheme on the Traﬁkverket Swedish Transport Administration
website. A search of the Singapore Land Transport Authority (LTA) Academy found one new inclusion (Menon, 2000). No additional
references were added as a result of the search of the Comune di Milano website.
A Google search using the search terms ‘congestion pricing’ and ‘physical activity’, ‘walking’ and ‘cycling’ was also undertaken and the
ﬁrst 100 results checked for relevancy. This resulted in one additional inclusion (Nakamura et al., 2014). Overall 12 papers were included in
the study (Fig. 2).
3.2. The congestion pricing schemes
A brief overview of the congestion pricing schemes in London, Singapore, Milan, Stockholm and Gothenburg are given in Table 1. More
detailed information on these schemes is available elsewhere (Traﬁkverket Swedish Transport Administration, 2015; Comune di Milano,
2015; Land Transport Authority, 2015; Transport for London, 2015).
3.3. Evidence for the impact of congestion pricing schemes on active transport
Limited rigorous evidence currently exists on the impact of congestion pricing schemes on modal shift to more active forms of
transport or physical activity effects in London, Singapore, Gothenborg and Stockholm. No studies that met the inclusion criteria were
found for Milan. Appendix B lists the studies identiﬁed as relevant as per the study inclusion criteria, with study aims, methods for the
measurement of effect and a summary of reported effect. A brief summary of the evidence, arranged by city and date of implementation of
the scheme, is given below.
3.3.1. The Singapore congestion pricing scheme
The Singapore Area Licensing Scheme (ALS) was the ﬁrst of its kind to be introduced worldwide in 1975, and thus studies evaluating its
impact are dated. The study by Chin (1996) reported a 10% decrease in car travel and a 13% increase in public transport travel as a result of
the introduction of the scheme. The analysis by Luk (1999) cited a 41% decrease in motor vehicle use along with a 7% increase in bus travel
and a 4% increase in other forms of travel (deﬁned as walking, cycling and use of taxis) from prior to ALS implementation to 1991.
However, limited detail was given for both of these analyses as to how and when the data were collected, and the possible risk of bias or
potential confounding factors.
Potentially relevant publications identified 
through search strategy (n=554)
Titles examined for potential relevance 
(n=480)
Duplicates removed (n=74)
Excluded publications, not relevant 
(n=287)
Titles and abstracts reviewed (n=193) Excluded publications, not relevant 
(n=153)
Full text located and reviewed (n=40) Partly reviewed and excluded (n=34)
Included from database search (n=6)
Additional paper from reference lists (n=1)
Additional paper from TRB (n=1)
Additional paper from google search (n=1)
Additional papers from grey literature search (n=3)
Fig. 2. PRISMA table.
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The study by Menon (2006) found a shift in public transport behaviours from 1975 (pre ALS) to 1983, with an increase in bus patronage
of 23% and a decrease in motor vehicle use of 23%. Another study by Menon (2000) described the ﬁrst year of implementation of the
Electronic Road Pricing (ERP) scheme, which replaced the ALS in 1998. After one year, no signiﬁcant modal shift from motor vehicles had
occurred. This was expected given that the unexposed group (i.e. Singaporean residents prior to the implementation of the ERP scheme)
was in fact not unexposed at all as they had been subject to the ALS for over two decades. It should be noted that Singapore also has a
vehicle ownership quota system introduced in 1990 and subsequent relatively low rates of car ownership per capita, another signiﬁcant
confounding factor.
3.3.2. The London congestion pricing scheme
A ﬁve-year evaluation of the London congestion pricing scheme was undertaken by Transport for London to monitor and evaluate key
transport, economic, business, social and environmental effects (Transport for London, 2015). Two of the annual monitoring reports
presented new data on the modal shift from motor vehicles to active transport (Transport for London, 2004, 2008) using cross-sectional
analysis of ﬂow counts and surveys. In 2004, it was estimated that the congestion charge had led to a reduction in trafﬁc entering the zone
of approximately 18%, with over 50% of those drivers having shifted to public transport and 7–14% switching to other modes (walking,
cycling, motorcycle, taxi or car share) (Transport for London, 2004). Signiﬁcant bus service improvements were also introduced around the
same time as the congestion pricing scheme and there was a 37% increase in bus patronage within the ﬁrst year of its introduction. Up to
one half of these new bus travellers were attributed to the introduction of the charge, with the rest of the change attributed to network
improvements (Transport for London, 2004). A 2008 analysis of the Western Extension Zone estimated that approximately 30% of those
previously driving a car prior to the introduction of the charge had changed their travel behaviours, with the majority of these travellers
also switching to public transport (Transport for London, 2008). The Western Extension Zone was however removed in 2011 following
public consultation.
The paper by Nakamura et al. (2014) took more of an experimental approach to estimating the effect of the congestion charge on
transport-related physical activity and attempted to overcome potentially confounding factors such as the recognised improvements in
public transport services and the impact of other policies around the time of implementation. By comparing the travel behaviours of those
living within the congestion pricing zone (who are eligible for a substantial discount on the charge) with those living near the congestion
pricing zone border (who are not eligible for the discount), the study found that there was no difference in travel-related physical activity
between the groups. The study suggested that these other policies, such as the expansion of active transport infrastructure and improved
public transport provision, may have generated the upward trend in active transport commonly reported as part of the ofﬁcial evaluation
programme.
This supports the ﬁndings of the study by White (2009), which used ﬂow data, trends in bus kilometre runs and estimates of elasticity
to examine the factors behind the growth in bus patronage in Central London. By unpacking the factors behind the increase in bus
patronage it was estimated that the congestion charge may have only contributed up to approximately 6% of the increase in observed bus
patronage, contradicting the Transport for London estimate of approximately 19% (Transport for London, 2004). White (2009) found that
other factors inﬂuencing bus patronage, including fare levels, service levels and relatively stable car ownership rates were more likely to
have had greater impact than the introduction of the congestion charge.
3.3.3. The Stockholm congestion pricing scheme
The Stockholm congestion pricing trial was implemented alongside a comprehensive evaluation process, aimed at estimating impact on
a wide range of factors such as trafﬁc volume, travel time, environmental effects, equity and travel behaviours; results were reported in a
number of publications (Stockholmforsoket, 2015; Hugosson and Eliasson, 2006; Eliasson, 2008; Eliasson et al., 2008, 2009; Eliasson and
Mattsson, 2006; Franklin et al., 2009). The effects of the congestion pricing trial on travel behaviours were reported in a study by
Karlström and Franklin (2009) using data from a two-wave cross-sectional travel survey undertaken before and after scheme
implementation. The study found that whilst the majority of individuals did not change their travel behaviours as a result of the trial
implementation, those who initially travelled by car and crossed the cordon had a 15% higher modal shift to public transport than those
who did not drive across the cordon.
Table 1
A brief overview of the Singapore, London, Stockholm, Milan and Gothenburg congestion charges.
Scheme Date introduced Aim of scheme Type Comments
Singapore Electronic road pricing (ERP)
September 1998; replaces
Area Licensing Scheme (ALS)
June 1975.
To reduce congestion and improve travel speeds. Cordon pricing,
differentiated charges
by time, vehicle class
and location.
ALS was the world's ﬁrst congestion
pricing scheme. Singapore also has a
vehicle ownership quota system in
place.
London,
England
February 2003 To reduce congestion in London central area. Cordon pricing, ﬁxed
charge, weekday travel.
The Western extension was
introduced in February 2007, but was
removed in January 2011.
Stockholm,
Sweden
January 2006 (trial), August
2007 (permanent)
To reduce congestion, increase accessibility and
improve environment.
Cordon pricing, time-
differentiated charges.
Full implementation occurred after a
referendum on the trial phase of the
scheme.
Milan, Italy Area C charge January 2012;
replaced Ecopass January
2008 (trial), March 2013
(permanent)
To decrease access to city centre, reduce congestion,
improve public transport networks, increase modal
share of sustainable transport modes and improve
environment.
Cordon pricing, ﬁxed
charge, weekday travel.
Ecopass was a charge on trafﬁc
pollution based on vehicle emission
standards. Area C regulates car access
to central Milan.
Gothenburg,
Sweden
January 2013 To raise revenue to fund West Swedish Agreement,
improve accessibility and the environment.
Cordon pricing, time-
differentiated charges,
weekday travel.
Modelled on Stockholm congestion
scheme.
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Table 2
Analysis of quality of studies, using published guidelines by Craig et al. 2012 as study quality criteria.
Study quality criteria
(based on Craig et al.,
2012)
Study
Bergman et al. (2010) Börjesson and
Kristoffersson, 2015
Chin (1996) Kaida and Kaida
(2014)
Karlström and Franklin, 2009 Luk (1999)
Study design
Protocol developed or
published
No No No No Does not explicitly state,
evaluation programme
mentioned
No
Exposed group Residents of Stockholm,
pre/post-scheme
Residents of Gothenborg
affected by the charges, pre/
post-scheme
Car owners,
employed,
post-scheme
Outer municipality
residents, post-
scheme
Employed, aged 12–84 years,
car driver, passing cordon,
post-scheme
Residents of
Singapore,
post-scheme
Unexposed group Residents of Goteborg and
Malmo, pre/post-scheme
Residents of Gothenborg
affected by the charges, pre/
post-scheme
Pre-scheme Outer municipality
residents, pre-
scheme
Employed, aged 12–84 years
pre-scheme
Residents of
Singapore
pre-scheme
Multiple pre/post
measures used
No No No No No No
Multiple exposed/
unexposed groups
used
No No No No No No
Confounders
considered/included/
mentioned
Age, gender, weight,
education, income
Weather No No Seasonality, gender, schedule
ﬂexibility, age, distance, car
availability
No
Possible bias Recall, selection, non-
response
Recall, selection, non-
response, information
Recall,
selection, non-
response.
Recall, selection,
non-response
Recall, selection, non-
response
Recall,
selection,
non-response.
Analysis
Matching, regression or
propensity scores
undertaken
Pearson chi-square,
Mann–Whitney U,
Wilcoxon signed rank
No No Before and after
matched pairs,
paired t test
Yes. Propensity score
matching estimator
No
Comparison of results
with other sources of
data
No Yes No No No No
Reporting
Identiﬁes as a natural
experiment
Yes No No No No No
Clearly describes
intervention and the
assignment process
Yes Yes No Yes Yes No
Explicitly states
methods used to
estimate impact
Yes Yes No Yes Yes No
Discusses bias and
procedures to deal
with potential biases
Yes Yes No No Yes No
Context of the
intervention given
Yes Yes Yes Yes Yes Yes
Comparison of results Yes, none identiﬁed Yes No Yes Yes No
Study Quality Criteria (based on
Craig et al., 2012)
Study
Menon (2000) Menon (2006) Nakamura et al. (2014) Transport for London (2004) White (2009)
Transport for London (2008)
Study design
Protocol developed or published No No No Does not explicitly state, part of
evaluation programme
No
Exposed group Singapore residents,
post ERP scheme
Singapore
residents, post-
scheme
Residents living near zone border
(not eligible for discount)
Residents of London, post-
scheme
Residents of
London, post-
scheme
Unexposed group Singapore residents,
pre ERP scheme
Singapore
residents, pre-
scheme
Residents living within zone
(eligible for discount)
Residents of London, pre-
scheme
Residents of
London, pre-
scheme
Multiple pre/post measures used No No Yes No No
Multiple exposed/unexposed
groups used
No No Groups clustered at local level No No
Confounders considered/
included/mentioned
No No Age, gender, income, spatial
effects
Improvements to public
transport
Public transport
improvements
Possible bias Recall, selection, non-
response
Recall, selection,
non-response
Omitted variable bias Recall, selection, non-response,
information
Information
Analysis
Matching, regression or
propensity scores undertaken
No No Regression No No
Comparison of results with other
sources of data
No No No Some trend No
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The study by Bergman et al. (2010) aimed to speciﬁcally address the potential differences in physical activity between those exposed to
congestion pricing and those unexposed by comparing the physical activity behaviours of residents of Stockholm with residents of two
cities without congestion pricing. The results of the study were inconclusive, with no signiﬁcant difference in the magnitude of change in
physical activity between residents of Stockholm and Goteborg or Malmo over the three year study period. Study participants living in the
Stockholm region with access to a motor vehicle did however report more moderate physical activity (p¼0.036), less time spent sitting
(p¼0.009) and an increase in weighted overall physical activity (p¼0.015) compared to prior to the introduction of the congestion charge.
The study by Kaida and Kaida (2014) aimed to estimate the effect of the Stockholm congestion pricing scheme on motor vehicle use and
environmental behaviour. The authors found small increases in the number of people who walked and cycled post congestion charge (a 3%
increase in those who walked and a 1% increase in those who cycled), although potential confounders were not discussed or controlled for
and the study sample was quite small (n¼291) for such a large population intervention.
3.3.4. The Gothenborg congestion pricing scheme
The study by Börjesson and Kristoffersson (2015) examined the trafﬁc effects of the Gothenborg congestion pricing scheme and
included an analysis of the adaptation strategies and changes to public transport modal share. The authors found that commuting trips
were affected by the introduction of the scheme, with a 24% increase in total number of trips by public transport after introduction of the
charges. Discretionary trips were less likely to switch mode, instead changing destinations or reducing the number of trips. Study ﬁndings
should however be interpreted with caution, as authors note that limitations including adverse weather conditions, small sample size and
an unrepresentative sample make these ﬁndings unreliable.
3.4. The quality of the evidence
Table 2 shows an overview of the quality of the included studies, using the guidelines for evaluating natural interventions (Craig et al.,
2012) as study quality criteria. From this analysis, we can see that the quality of the evidence of modal shift to active transport or physical
activity effect of the congestion pricing schemes in London, Gothenborg, Stockholm and Singapore is low, with no single study meeting all
of the recommended guidelines.
Only the study by Bergman et al. (2010) clearly identiﬁed as a natural experiment, by comparing those exposed to those unexposed
both pre- and post-implementation of the Stockholm congestion trial. It was also the only study to speciﬁcally aim to assess the potential
effect of the congestion pricing scheme on physical activity.
The aims of many of the other included studies differed markedly from each other, and from the purpose of this review. Study aims
included providing an overview of the impacts of congestion pricing within the relevant cities (Chin, 1996; Luk, 1999; Menon, 2006, 2000;
Börjesson and Kristoffersson, 2015; Transport for London, 2004, 2008), and examining reasons for growth in public transport patronage
(White, 2009), the pro-environmental behavioural changes associated with congestion pricing (Kaida and Kaida, 2014) and economic
(Nakamura et al., 2014) and equity effects (Karlström and Franklin, 2009).
None of the included studies explicitly mentioned the development of study protocols, although the studies by Transport for London
(2004, 2008) and Karlström and Franklin (2009) were part of broader evaluation programmes. Studies generally did not use multiple pre
and post measures to estimate effect, nor collect information on multiple exposed and unexposed groups.
Possible confounders were only mentioned or considered in seven of the included studies (Bergman et al., 2010; Karlström and
Franklin, 2009; White, 2009; Börjesson and Kristoffersson, 2015; Transport for London, 2004, 2008; Nakamura et al., 2014), despite the
fact that a multitude of confounding factors are known to inﬂuence both physical activity and transport behaviours (Bauman et al., 2002).
All of the included studies were likely susceptible to some form of bias, whether through the use of surveys or through measurement error
of ﬂow volumes, for instance. None of the studies attempted to control for such bias.
4. Discussion
The introduction of congestion pricing schemes is a politically contentious issue. Whilst schemes have been implemented relatively
successfully in London, Singapore, Stockholm, Milan and Gothenborg, there are a number of proposed schemes worldwide that have failed
Table 2 (continued )
Study Quality Criteria (based on
Craig et al., 2012)
Study
Menon (2000) Menon (2006) Nakamura et al. (2014) Transport for London (2004) White (2009)
Transport for London (2008)
Reporting
Identiﬁes as a natural experiment No No No No No
Clearly describes intervention
and the assignment process
No No Yes Yes No
Explicitly states methods used to
estimate impact
No No Yes Yes No
Discusses bias and procedures to
deal with potential biases.
No No No No No
Context of the intervention
described
Yes Yes Yes Yes Yes
Comparison of results No No Yes No Yes
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to be implemented due to political or public unpopularity. These include proposed schemes in New York, Edinburgh and Manchester.
Whilst congestion pricing schemes are being discussed in many countries as a realistic option to deal with trafﬁc congestion (Hensher and
Mulley, 2013) the evidence for potential secondary beneﬁts of such schemes, such as physical activity related health impacts, remains an
underexplored area.
Overall, results of this review suggest that the evidence for the potential physical activity related effects of congestion pricing schemes in
London, Milan, Singapore, Stockholm and Gothenburg using a broad deﬁnition of evidence – evidence gathered from opportunities for natural
experiment – is weak. This result may not be unexpected given the relative infancy of research exploring the broader health impacts of
transportation behaviours. However, the importance of conducting this review and deﬁnitively outlining the current state of the evidence on the
potential health impact of a topical and politically relevant transport intervention is not diminished. Whilst establishing causality using a classical
epidemiological approach may not be feasible for many population level interventions, it is important that we have a better understanding of the
wide range of beneﬁts and disbeneﬁts that may arise from transport related policies and programs (Ogilvie et al., 2006). This facilitates the
efﬁcient use of scarce resources from a ‘societal perspective’ and the funding of those policies, projects and programs that have broader all-of-
government merit. A better understanding of the limitations of the current evidence base, and strategies to overcome some of these limitations
are required if transport policy and planning is to be integrated with a ‘health-in-all-policies’ approach. Such knowledge will assist with moving
past health impact assessment of hypothetical transport scenarios, to the identiﬁcation, formulation and implementation of transport
interventions that positively impact the health of populations.
Table 3 details key physical activity or modal shift effects found in this review, listed by the number of study quality criteria identiﬁed
as per the guidance on the evaluation of natural experiments (Craig et al., 2012). The study by Bergman et al. (2010) is probably the best
example of the use of a natural experiment to estimate the physical activity related effects of a congestion pricing scheme. Yet authors'
study found inconclusive results, with no signiﬁcant difference in magnitude of change between those exposed and unexposed but
promising results in terms of physical activity behaviours in car owners in Stockholm post-scheme implementation. It should be noted
however that whilst the study by Bergman et al. represents a positive step in collecting evidence on the broader range of potential health
impacts of congestion pricing schemes, the study suffered from low power, potential bias and confounding. The evidence from other
studies identiﬁed as part of this review is also inconclusive, compounded by the generally low quality of data collection and reporting.
Inconsistent ﬁndings between studies suggests that more research is required, particularly where ﬁndings conﬂicted with the results of
ofﬁcial evaluation programmes (White, 2009; Nakamura et al., 2014) or were likely the result of methodological limitations (for instance, the
decrease in commuter cycling trips found by Borjesson & Kristoffersson that were likely inﬂuenced by weather (Börjesson and Kristoffersson,
2015)). The recent review of economic instruments to promote dietary or behavioural change by Shemilt et al. (2013) included the study by
Bergman et al. (2010) and one of the Transport for London evaluation reports (Transport for London, 2008). The ﬁndings of our own review
support Shemilt et al.'s ﬁndings that the lack of direct evidence on impact of economic instruments on physical activity is striking.
The generally low quality of evidence (Table 3) also suggests that results should be considered cautiously, as most studies suffered from
weak study designs, bias and signiﬁcant confounding (Givoni, 2012). Studies using the evidence base as it currently stands should be
careful not to lend too much importance to any one study, especially given both the low number of studies undertaken and the relatively
weak basis for the evidence. For instance, the summary by Maibach et al. (2009) cited the effects of both the Stockholm and London
congestion charges as contributing arguments to the fact that policies may have considerable potential to yield signiﬁcant health, quality
of life, economic and environmental beneﬁts. Whilst we do not disagree with the sentiment, our review suggests that more evidence, and
evidence using more rigorous data from natural experiments, is required to examine the magnitude of some of these effects.
A signiﬁcant limitation here will of course be the limited opportunity for collecting this evidence, given the relatively low numbers of
cities worldwide that have implemented congestion pricing. In countries with relatively high private vehicle mode share and growing
urban populations such as Australia, more efﬁcient road user charging has been repeatedly highlighted as a potential option for transport
demand management (Hamilton, 2006; Australian Government, 2010; Commonwealth of Australia, 2014). Such situations may present
Table 3
Physical activity or modal shift effect and quality criteria met.
Study Scheme Physical activity or modal shift effect Study quality criteria
identiﬁed (n¼15)
Bergman et al. (2010) Stockholm Increase in moderate physical activity (p¼0.036), less time spent sitting (p¼0.009), increase in overall
weighted physical activity (p¼0.015) compared to pre-implementation
11
Nakamura et al.
(2014)
London No effect 11
Börjesson and
Kristoffersson
(2015)
Gothenborg 9% Decrease in commuter car trips 10
24% Increase in commuter public transport trips
36% Decrease in commuter cycling trips
Decrease in all discretionary trips
Karlström and
Franklin (2009)
Stockholm 15% Higher modal shift in those who initially travelled by car across the cordon 10
Transport for London
(2004)
London Reduction in trafﬁc entering the zone of 18%: 8
– between 50% and 60% of reduction switched to public transport
– 7% of reduction switched to walking, cycling, motorcycle, taxi or car-share
19% Increase in bus patronage attributed as a direct result of congestion scheme
Kaida & Kaida (2014) Stockholm 3% Increase in walking 8
1% Increase in cycling
White (2009) London 6% Increase in bus patronage attributed as a direct result of congestion scheme 6
Chin (1996) Singapore 13% Increase in public transport use. 4
Luk (1999) Singapore 7% Increase in bus travel 4
4% Increase in other forms of travel (walking, cycling, taxi)
Menon (2006) Singapore 23% Increase in bus travel 4
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future opportunities for better understanding the wide range of health impacts related to transport systems, whether in Australia or in
other countries also grappling with the problem of trafﬁc congestion.
The results of this review however highlight the historical disconnect between transportation, health and environmental research and
policy. Transport planners traditionally have worked within a transportation ‘silo’, where what has been planned (i.e. trafﬁc demand
management) is what is then measured. The fact that many of the potential health beneﬁts of transport policy are secondary means that
many studies investigating the impacts of congestion pricing schemes fail to collect data on physical activity or modal shift effects
(Borjesson et al., 2012; Danielis et al., 2012; Eliasson, 2009; Elvik and Ramjerdi, 2014). For example, the review by Elvik and Ramjerdi
(2014) gives an overview of price elasticities of demand for congestion pricing schemes in Singapore, London and Stockholm. From a
public health perspective however, price elasticities of demand for motor vehicle usage do not give a clear picture as to likely health effects
of transport policy as they may more accurately reﬂect other changes in travel behaviours, such as travel at a different time of day, to a
different destination, by a different route or simply a reduction in trips.
Greater recognition of the links between transport and health are required to encourage more of a trans-sectoral approach to research and
policy making. Unfortunately the lack of rigorous evidence of the physical activity related health impacts of transport decision making has largely
contributed to its absence from the policy process; although there has been recent methodological progress towards the more routine inclusion
of physical activity related health effects into transport appraisal (Kahlmeier et al., 2014; Woodcock et al., 2013). Other challenges of collecting
rigorous evidence for interventions in the transportation sector are well-recognised (Ogilvie et al., 2006). Attributing health impacts to
population level transport interventions is a complex undertaking with signiﬁcant barriers yet to be overcome (Table 4). The fact that there is still
no clearly deﬁned measure of physical activity (Cavill et al., 2008) and that data on active transport behaviours is rarely comprehensively
collected are signiﬁcant barriers to a better understanding of potential population health impacts. The complexities introduced by the wide range
of potential confounders of environmental interventions, coupled with a lack of evidence of potential substitution effects of an increase in active
transport serve as further challenges (Caudwell et al., 2013; Gotschi, 2011; Tully et al., 2013).
While ‘gold standard’ evidence may be preferred, the challenges faced in the collection of such evidence and the political and social
pressures to ﬁnd effective and cost-effective transport solutions means that a broader deﬁnition of evidence is required (Möser and
Bamberg, 2008; Sallis, 2014; Ogilvie et al., 2005). Useful guidelines such as the Medical Research Council guidance on the use of natural
experiments (Craig et al., 2012) should be better integrated and utilised in transport planning to help transportation, environmental and
public health researchers better understand the broad range of policy impacts. Research protocols should be developed alongside potential
congestion pricing schemes, aiming to measure and evaluate the broad range of trafﬁc, modal shift, physical activity, environmental, safety
and business and economic impacts. Effort and resources should be put into better understanding all of these potential effects, and not just
evaluating the primary beneﬁts of transport demand management. And this effort should be committed before implementation of any
prospective scheme, and developed in collaboration with policy-makers so as to address speciﬁc informational needs and to ensure a truly
collaborative approach.
Policy-relevant research speciﬁcally tailored to understand the impacts of transport interventions then needs to be effectively disseminated,
and the knowledge shared between transport, health and environmental policy-makers, practitioners, researchers, academics and advocates.
Strengthening the evidence base for the impact of transport policy on active transport and physical activity will allow for more rigorous economic
evaluation of transport policies, infrastructure and programs. For instance, several economic evaluations of congestion pricing schemes
worldwide have been undertaken to estimate cost-effectiveness, using different methods and input parameters and with varied results (Santos
and Shaffer, 2004; Prud'homme and Bocarejo, 2005; Evans, 2007; Mackie, 2005; Raux et al., 2012). Only the study by Co and Vautin (2014)
included physical activity related health effects into their analysis, and found that a congestion pricing pilot in the San Francisco Bay areawas very
cost-saving at a cost beneﬁt ratio of 45:1. As our review demonstrates, the potential cost-saving nature of such an intervention is currently
limited by rigorous evidence upon which to base evidence of effectiveness.
5. Limitations
A number of studies were excluded due to their failure to report on modal shift to more active forms of transport or physical activity
effects (Borjesson et al., 2012; Danielis et al., 2012; Eliasson, 2009; Elvik and Ramjerdi, 2014; Prud'homme and Bocarejo, 2005; Rotaris
et al., 2010). The fact that no studies were found in Milan may be due to a number of factors, including the relative infancy of the scheme
and the inclusion criteria that studies must be reported in English.
6. Conclusion
Unfortunately this review does little to strengthen the evidence base for physical activity or modal shift effects of congestion pricing
schemes that have been implemented internationally. This is not to say that positive secondary physical activity effects may not result
Table 4
Challenges in establishing a rigorous evidence base for transport interventions.
Challenges to establishing a rigorous evidence base
 The paucity of comprehensive data collection on travel behaviours in general;
 The lack of an agreed approach to measuring physical activity;
 The lack of an agreed approach to measuring walking and cycling speciﬁcally (as separate activities and ideally incorporating differentiation in pace, frequency, duration,
intensity);
 The multitude of potential confounders that exist;
 The lack of an agreed approach to capturing different health effects in different groups;
 The lack of evidence on potential substitution effect;
 Limited opportunity to establish this evidence (limited implementation, limited resources).
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from congestion pricing schemes that use pricing mechanisms to dissuade motor vehicle use. Even a small effect may have signiﬁcant
repercussions at the population level. Bergman et al. (2010) found, for example, a small but signiﬁcant effect on physical activity post-
implementation of the Stockholm congestion charge, whilst several other studies noted modal shift effects that might logically be
extrapolated to potential physical activity beneﬁts (Kaida and Kaida 2014; Karlström and Franklin, 2009; White, 2009; Transport for
London, 2004).
Instead, this review provides an in-depth examination of the state of the evidence on the impact on congestion pricing on active
transport. It provides a tentative ﬁrst step from hypothetical health impact assessment to the identiﬁcation and closer examination of
transport policies and programs that might improve the health of populations by increasing rates of active transport. Our review
highlights that more rigorous evaluation of potential impacts of transport interventions is required, particularly in light of the growing
awareness of the need for ‘upstream’ or non-health sector policy options to prevent obesity and other lifestyle-related diseases (Killoran
et al., 2006; Swinburn et al., 2011). Whilst the collection of more rigorous evidence will not be a simple endeavour given the complexities
of evaluating transport interventions, it is important that the broad range of potential beneﬁts and costs be included into transport
decision making. A collaborative approach between researchers, academics, policy-makers, practitioners and advocates from the health,
transportation and environmental ﬁelds is required, with policy relevant research output then widely disseminated. Only then can
transport policy serve as an effective tool for improving the health of populations.
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Appendix A. Search strategy
Web of Science, Scopus, EBSCOHost (including: Business Source Complete, CINAHL Complete, Health Policy Reference Centre, Health
Economics Evaluation Database, MedLine Complete, PsycInfo, SportDiscus).
Database Search strategy HITS
Scopus (TITLE-ABS-KEY ( "congestion pricn" OR "congestion chargn" OR "trafﬁc demand management" OR tdm ) AND
TITLE-ABS-KEY ( london OR singapore OR stockholm OR milan OR gothenburg ) )
263
Web of
Science
("congestion pricn" OR "congestion chargn" OR "trafﬁc demand management" OR TDM) AND TOPIC: (london OR
singapore OR stockholm OR milan OR gothenburg)
195
EBSCOHost ( "congestion pricn" PR "congestion chargn" OR "trafﬁc demand management" OR TDM ) AND ( london OR
singapore OR stockholm OR milan OR gothenburg )
96
Total 554
Appendix B. Data extraction from included studies
Study Study aim Method for measurement of effect Reported effect
London
Nakamura
et al. (2014)
To examine the effects of an economic
incentive on health behaviours by
investigating the impact of the
discount for residents of the charging
zone (90% discount).
Uses a boundary discontinuity design
to exploit the London congestion
charge that gives a price reduction to
those living in the charging zone.
Treatment group is assigned as those
living near the zone border (i.e. those
not eligible for the 90% discount).
Control group is assigned as those who
live just inside the border (i.e. those
eligible for the 90% discount). Uses
regression analysis, using London
Travel Demand Survey data.
No evidence that the economic
incentive of the London congestion
charge increases overall physical
activity levels. No health effects were
found around the border of the
congestion zone (i.e. between those
who received the 90% discount for
the charge and those who did not
receive the discount).
Transport for
London
(2004)
To describe the impact of the London
congestion charging scheme.
Part of a 5 year monitoring programme
undertaken by Transport for London
that used more than 100 specially
designed surveys, as well as existing
data sources to estimate the key
transport, business, economic, social
Estimated that the congestion charge
has led to between 65,000 and
70,000 less car movements in the
zone boundary (approximate
reduction of 18% of trafﬁc entering
the zone in charging hours), with
between 35,000 and 45,000
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and environmental impacts of the
scheme.
switching to public transport use and
between 5000 and10,000 switching
to walk, cycle, motorcycle, taxi or car
share.
Transport for
London
(2008)
Approximately of 50% of travellers in
the Western Extension Zone said the
scheme had no impact on their travel
behaviours. Increase in ‘those who
ever use’ buses of 6%, the
underground 4%, walking 4%, cycling
15% and rail 16%.
White (2009) To examine the extent to which
regulatory or other measures have
contributed to the increase in bus
patronage in London.
Uses data on bus patronage, fare levels,
service levels and demographic data.
Most data has been obtained from
government sources.
As of January 2005, the congestion
charge may have contributed up to
approximately 6% of the increase in
observed bus patronage. The impact
of the congestion charge has been
small in comparison to other factors
inﬂuencing bus patronage, including
fare levels, service levels and
relatively stable car ownership rates.
Stockholm
Bergman et al.
(2010)
To examine the potential effect of a
congestion pricing scheme on physical
activity.
Quasi-experimental study (natural
experiment). Data on PA was taken
from the International PA Prevalence
Study, pre-trial and the same
participants were followed up during
the congestion charge trial. Participants
exposed resided in Stockholm (n¼165),
and controls resided in either Goteborg
or Malmo (n¼138).
Study results were inconclusive
however at follow-up participants
living in Stockholm reported more
moderate PA (p¼0.036) and less time
spent sitting (p¼0.009) and an
increase in weighted overall PA
(p¼0.015) compared to baseline
measurements. Effect sizes were
generally small (r¼0.03 for walking
and r¼0.20 for sitting). No changes in
PA levels were found in controls.
Kaida and
Kaida (2014)
To examine the effect of congestion
charging on motor vehicle use and
pro-environmental behaviour.
Survey of those who lived near the
boundary speciﬁed by the congestion
charge scheme (n¼291), conducted in
2008 (approx. 2 years after trial of
scheme and 6 months after
implementation). Participants were
asked their dominant mode of travel
pre and post congestion charge
implementation.
The number of shifts from car to
active transport was statistically
signiﬁcant at the 5% level (p¼0.049),
representing a behavioural change to
more AT. The number of respondents
who use public transport decreased
slightly (from 87 to 86). The number
of respondents who walked to work
increased slightly (from 9 to 17). The
number of respondents who cycled to
work increased slightly (from 13 to
16).
Karlström and
Franklin
(2009)
To assess the equity effects of the
congestion charge, in terms of
behavioural adjustments (mode
choice, departure time) and welfare
effects.
Used a subset of the two-wave panel
travel survey data collected in
September 2004 and March 2006.
Restricted data to those who made a
work trip in both waves to the same
origin or destination (i.e. had not
moved or changed jobs) by either car
or public transport (walking and
cycling were not included due to the
problems with seasonality in the
dataset). Matched to those not affected
by the congestion scheme.
Approx. 25% of those crossing the toll
cordon by car switch to transit
(compared to approx 10% in the
control group). That is, those exposed
to congestion pricing that initially
travelled by car had a 15% higher
modal shift than those who were not
exposed. Crossing the cordon has a
signiﬁcant positive effect on
switching to transit from motor
vehicle. For those who went by
transit pre-charge, 7% of those
affected by the congestion scheme
switch to car travel (8% in the control
group). Most individuals do not
change behaviour.
Gothenborg
Borjesson &
Kristoffers-
son 2015
To evaluate trafﬁc effects and to
compare them to transport model
predictions and political targets.
Two-wave randomly sampled panel
survey (n¼3000) trips in origin-
Commuter trips largely adapted by
switching to public transport with an
increase of 24%, whereas
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Adaptation strategies to the
implementation of the scheme were
examined.
destination pairs affected by the
charges.
discretionary travellers adapted in
other ways (decreases in number of
trips across car, public transport and
cycle modes). Authors however state
that results are unreliable due to
weather effects, small sample size
and the fact that participants were
not randomly sampled
Singapore
Chin (1996) To evaluate the reduction in negative
externalities as a result of the
congestion pricing scheme.
Cites a pre- and post-survey of car-
owning households work travel
patterns around the time of the Area
Licensing Scheme (1975), however no
speciﬁc details given.
Modal split pre-charge: 56% car, 33%
bus
Modal split post-charge: 46% car, 46%
bus, (decrease in car travel by 10%,
increase in bus travel by 13%).
Luk (1996) To give an overview of the
development and experience of road
pricing in Singapore.
Uses Singapore Home Interview Survey
data.
Before the ALS scheme modal split
was 63% car travel, 33% bus travel and
4% walk or others (deﬁned as
walking, cycling and use of taxis). By
1991 the modal split was 22% car, 40%
bus, 30% rail and 8% others. The cross-
price elasticity of bus demand due to
congestion pricing was estimated as
þ0.17 at two years (short run) and
þ0.80 at seven years (long run), over
which time the tolls have increased.
Menon (2000) To describe the ﬁrst year of the ERP,
from September 1998 to August 1999.
Does not give details of data source. As could be expected, after one year
the ERP had not resulted in a modal
shift from cars to public transport.
Cites the fact that the ALS would have
instigated such a shift over the last
two decades.
Menon (2006) To describe the experience of
Singapore in implementing and
managing congestion pricing.
Does not give details of data source. Modal split of morning work trips in
1975 was 46% bus, 46% car, 6%
motorcycle, other modes 2%. By 1983,
bus modal share was 69%, car was
23% and the others remained
constant. In 1998, the public
transport share (bus and MRT) was
67%.
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Abstract
Background: Reducing automobile dependence and improving rates of active transport may reduce the impact of
obesogenic environments, thereby decreasing population prevalence of obesity and other diseases where physical
inactivity is a risk factor. Increasing the relative cost of driving by an increase in fuel taxation may therefore be a
promising public health intervention for obesity prevention.
Methods: A scoping review of the evidence for obesity or physical activity effect of changes in fuel price or
taxation was undertaken. Potential health benefits of an increase in fuel excise taxation in Australia were quantified
using Markov modelling to simulate obesity, injury and physical activity related health impacts of a fuel excise
taxation intervention for the 2010 Australian population. Health adjusted life years (HALYs) gained and healthcare
cost savings from diseases averted were estimated. Incremental cost-effectiveness ratios (ICERs) were reported and
results were tested through sensitivity analysis.
Results: Limited evidence on the effect of policies such as fuel taxation on health-related behaviours currently exists. Only
three studies were identified reporting associations between fuel price or taxation and obesity, whilst nine studies reported
associations specifically with physical activity, walking or cycling. Estimates of the cross price elasticity of demand for public
transport with respect to fuel price vary, with limited consensus within the literature on a probable range for the Australian
context. Cost-effectiveness modelling of a AUD0.10 per litre increase in fuel excise taxation using a conservative estimate of
cross price elasticity for public transport suggests that the intervention would be cost-effective from a limited societal
perspective (237 HALYs gained, AUD2.6 M in healthcare cost savings), measured against a comparator of no additional
increase in fuel excise. Under “best case” assumptions, the intervention would be more cost-effective (3181 HALYs gained,
AUD34.2 M in healthcare cost savings).
Conclusions: Exploratory analysis suggests that an intervention to increase fuel excise taxation may deliver obesity and
physical activity related benefits. Whilst such an intervention has significant potential for cost-effectiveness, potential equity
and acceptability impacts would need to be minimised. A better understanding of the effectiveness and cost-effectiveness
of a range of transport interventions is required in order to achieve more physically active transport environments.
Keywords: Active transport, Cost-effectiveness, Obesity, Physical activity
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Background
Physical inactivity is a global public health problem.
Modern society has replaced many daily actions involving
physical activity (PA) with motorised and computerised
alternatives, and populations are now experiencing un-
precedented levels of conditions such as obesity and
other non-communicable diseases where physical inactiv-
ity is a risk factor. The increasing global burden of largely
preventable diseases has led to recognition of the need
for ‘upstream’ interventions for prevention [1, 2]. These
interventions focus on macro-level factors and include
government policies and social, physical, economic and
environmental levers for change across increasingly obe-
sogenic environments [3–6].
The transportation sector is increasingly being recog-
nised for its potential contribution to improving popula-
tion levels of incidental PA. Active transport (AT,
defined as walking, cycling and use of public transport)
reduces the risk of all-cause mortality [7] and cardiovas-
cular disease [8] and may deliver other significant health
and environmental co-benefits [9]. Rates of car owner-
ship have dramatically increased worldwide in recent de-
cades. Many countries, such as Australia, are highly car
dependent with low prevalence of AT (for example, in
Australia only 2% of the employed population in 2012
cycled to work, and 4% walked) [10]. Recent studies have
suggested associations between transport mode and
obesity, with more active forms of transport being nega-
tively associated with measures of adiposity [11–14].
Whilst evidence on the obesity effect of modal choice is
currently relatively limited [15, 16], interventions that
encourage more active forms of transport may offer
potential as population health strategies for obesity
prevention.
The complexities of changing transport behaviours and
re-engineering car-centric environments are however
large. Transport behaviours are influenced by a wide
range of factors, including the characteristics of travel
modes (for example cost, availability, ease, comfort), indi-
vidual influences (for example age, gender, income, phys-
ical ability) and contextual factors (for example culture,
the built environment, climate, topography) [17]. Whilst
it is recognised that a combination of legal, economic,
communication and physical approaches to intervention
will most likely be required to encourage modal shift
[18], the reality is that very little is currently known about
the effectiveness and cost-effectiveness of specific trans-
port interventions when incorporating health, environ-
mental and other effects [19, 20].
This paper seeks to conduct a scoping review and
cost-effectiveness modelling study of a specific transport
intervention that may encourage modal shift to more ac-
tive forms of transport - an increase in automotive fuel
excise taxation. To date, limited studies have been
conducted into the potential effect of changes in fuel
taxation on health related behaviours. A review by
Mozaffarian et al. [21] used a Delphi approach and
found that the evidence of effect for increasing participa-
tion in AT by raising fuel prices was not well-established
but that the intervention might be considered. The re-
view by Martin et al. [22] suggested that financial incen-
tives, including the negative financial incentive of
increased fuel price, may play a role in increasing PA
however more rigorous evidence is required to make
better use of effectiveness evidence in resource alloca-
tion decision-making. In 2013, Dhondt et al. [23] under-
took the only study quantifying the health impact of an
increase in fuel price published to date, but included
only mortality related health benefits of an increase in
walking and cycling and not morbidity-related health
impacts. Our study therefore contributes to this litera-
ture by synthesising the current body of evidence for an
obesity-related health effect of fuel excise taxation and
conducting a scenario analysis detailing potential health
gains and cost-effectiveness of a change in policy.
Methods
Taxation on fuel is common worldwide. Excise duty is a
tax levied on alcohol, tobacco and fuel and petroleum
products produced, stored or manufactured in Australia.
The excise provides a general source of revenue to the
Australian government [24]. Australia currently has the
fourth lowest automotive fuel price of Organisation for
Economic Co-operation and Development (OECD)
countries [25]. The proportional amount of tax levied on
Australian fuel is also low in comparison to almost all
other OECD countries (Fig. 1), and has been decreasing
in recent years [26].
By increasing the relative cost of driving to the motor-
ist, government intervention to increase fuel excise
Fig. 1 Fuel price for selected OECD countries, March quarter 2016.
AUD=Australian dollars. 1 AUD equals approximately 0.74 US dollars
or 0.59 British pounds as of November 2016. Source: Australian
Government Office of the Chief Economist [35]
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taxation may present a feasible logic pathway to encour-
aging more AT across populations (Fig. 2). The price sig-
nal may lead to increased walking, cycling and use of
public transport (PT). This in turn may lead to an in-
crease in energy expenditure (assuming that PA-related
behavioural substitution does not occur), a change in
body mass index (BMI) (assuming there is no corre-
sponding change in energy intake) and improved obesity
and PA-related health outcomes.
A scoping review was therefore undertaken to explore
the evidence and to inform parameters for cost-
effectiveness modeling of an intervention to increase fuel
excise taxation. The premise for the increase in tax in this
paper is based on its potential to improve rates of AT. The
scoping review consisted of two parts, described below.
Scoping review of published associations between
obesity, PA, walking or cycling and fuel price or taxation
A scoping review of the evidence for PA or obesity effect
of motor vehicle fuel price or taxation was undertaken
in May 2016. Given the scoping nature of the search,
one reviewer (VB) designed and undertook the search
strategy, whilst the second reviewer (RC) verified the
strategy and resultant inclusions. The EBSCOHost and
Web of Science databases were searched for papers
reporting associations between fuel price or taxation and
obesity, PA, walking or cycling effects. The full search
strategy is given in Appendix 1. Study aims, methods
and results were extracted and study quality was
assessed by one reviewer (VB), using criteria based on
the Strengthening of Reporting of Observational Studies
in Epidemiology (STROBE) guidelines [27] and criteria
adapted from previous studies [14, 28] (Appendix 2).
Scoping review of published cross price elasticities of
public transport demand for the Australian context
Given that PT accessibility predominantly relies on
walking trips [29, 30], studies reporting on the cross
price elasticity of PT may also be relevant when exami-
ning obesity-related effects of transport policy. Cross
price elasticity is defined as the responsiveness of the
quantity demanded of one good to a change in the price
of another good [31]. Cross price elasticities of demand
for PT with respect to fuel price may be context
dependent [32]. Therefore a scoping review of published
estimates of cross price elasticity of demand for PT with
respect to fuel price suitable for the Australian context
was conducted.
The Australian Government Bureau of Infrastructure,
Transport and Regional Economics (BITRE) maintains a
transport elasticities database that is freely and publicly
available [33]. A search was conducted of all tables listed
in the database reporting values of cross price elasticity
for PT with respect to fuel price. A non-systematic search
was then conducted for reviews or meta-analyses report-
ing estimates. The EBSCOHost and Web of Science data-
bases were searched using key terms, including “public
transport*”, “transit”, “meta-analysis”, “review”, “systematic
review” and “elasticit*”. A search of the grey literature was
also undertaken to capture any potential inclusions from
other government or non-peer reviewed sources. The full
search strategy is given in Appendix 1.
Data selection and cost-effectiveness modelling
Evidence from the scoping review was used to conduct
scenario analyses of the cost-effectiveness of a fuel excise
taxation increase for the Australian population, incorpor-
ating both mortality and morbidity effects. The interven-
tion was defined as an AUD0.10 per litre increase to the
national fuel excise tax [34], which as of June 2010 was
AUD0.38143 cents per litre [34]. An increase in excise of
AUD0.10 would mean that the proportional amount of
tax levied as a percentage of total fuel price would be
higher, but still less than in countries such as Switzerland,
the Netherlands and the United Kingdom [35]. The in-
crease in excise was assumed to apply prior to the
addition of the 10% Goods and Services Tax (GST), and it
was assumed that the economic incidence of the increased
tax was borne by the consumer (a realistic assumption
given the relatively price inelastic nature of automotive
fuel in Australia [36, 37]).
A proportional multi-state, multiple cohort life table
model estimated obesity and PA-related health outcomes
for the 2010 Australian population. Key model variables
are listed in Table 1. Health outcomes were modelled as
the difference between: (i) the 2010 reference year
Fig. 2 Logic pathway between increase in fuel excise taxation and improved obesity and PA-related health outcomes
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Australian population BMI and PA distributions; and (ii)
the intervention population, which was identical to the
reference population but incorporated changes to BMI
and PA attributable to the intervention. Data on trans-
port behaviours are not comprehensively collected in
Australia at the national level, however the five-yearly
Australian Bureau of Statistics Census of Population
and Housing collects reliable data on the method of
transport to work [38]. Therefore the intervention
population was defined as the working age population
(aged 18 to 64 years) and the impact of commuting
modal switch as a hypothetical result of the interven-
tion was estimated.
The multi-state life table method incorporated
disease-specific lifetables to estimate mortality and
morbidity for nine obesity-related diseases and five
overlapped PA-related diseases (ischaemic heart disease,
hypertensive heart disease, ischemic stroke, diabetes,
colorectal cancer, kidney cancer, breast cancer, endomet-
rial cancer and osteoarthritis). Modal shift to more ac-
tive forms of transport may also change the risk of
injury from transport accidents. The ‘risk injury matrix
approach’, as proposed by Bhalla et al. [39] and used in
several health impact assessments [40–42], was adapted
to estimate the change in absolute numbers of mode-
specific fatalities and serious injuries as a result of the
intervention. Estimates were then incorporated into the
lifetable modelling, and compared with baseline mode-
specific road traffic accident deaths and years lived with
disability (YLD) from the Global Burden of Disease
(GBD) study 2010 [43]. PA effect from the intervention
was modelled using effect estimates from the scoping
Table 1 Key model variables, mean value and 95% uncertainty intervals
Variables Data source
Total population estimates (population numbers, mortality rates, BMI distribution) ABS Census 2011 [38]
Disease epidemiology, relative risks, disability weights, total years of life lived with disability GBD 2010 [43]
Disease healthcare costs AIHW 2004 [45]
Transport mortality data Australian Road Deaths Database [98]
Transport morbidity data Henley et al. 2012 [99, 100]
Variables Mean values and 95% UIa (where applicable) Data source and assumptions
Prevalence of using public transport
for commuting purposes
Males Females ABS Census 2011 [38]
18y 4.5% 18y 6.9%
19y 5.8% 19y 8%
20-24y 8.5% 20-24y 11.1%
25-29y 11.7% 25-29y 13.1%
30-34y 11.1% 30-34y 9.9%
35-39y 9.1% 35-39y 6.8%
40-44y 7.4% 40-44y 5.9%
45-49y 6.3% 45-49y 5.7%
50-54y 5.8% 50-54y 5.3%
55-59y 4.9% 55-59y 4.5%
60-64y 3.3% 60-64y 2.9%
Cost of legislation (including RIS process) AUD1,090,792
(95% UI AUD939,805–1,249,710)
Sampled from a gamma distribution, taken
from estimates from Lal et al. [49].
ABS average weekly earnings AUD1,241
(95% UI AUD1,126–1361)
Sampled from a gamma distribution
(mean 1530.20, s.e. 44.8) Professional, Scientific
and Technical Services full time adult average
half-hour time cost and 14% labour oncosts,
from Government sources [48, 50, 51].
Number of businesses affected 185,959
(95% UI 172,747–199,317)
Sampled from a pert distribution
(most likely = 186,097) quoted from
Government source, +/−10% [48].
Total intervention cost AUD4,381,691
(95% UI AUD3882,683–4,903,984)
Table notes: a95% uncertainty interval (UI) based on 2000 simulations. ABS Australian Bureau of Statistics, AIHW Australian Institute of Health and Welfare, AUD
Australian dollars, GBD Global Burden of Disease, RIS Regulatory Impact Statement, s.e standard error
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review and relevant input parameters. To ensure conser-
vative results, any uptake in PA as a result of the inter-
vention was assumed to have occurred in those already
moderately or highly physically active in their daily lives.
PA effect was modelled to BMI effect using the energy
balance equation by Hall et al. [44] (Appendix 3). In the
absence of evidence on the long-term effects of fuel
price increases on public transport use, we assumed that
the behavior change would be sustained (i.e. that those
who switched to public transport continued to use pub-
lic transport over the long-term).
Data on healthcare costs were obtained from the
Australian Institute of Health and Welfare (AIHW) for
2001 due to data availability [45], and inflated to 2010
prices using the Health Price Index [46]. Intervention
costs were regarded as minimal given that: (i) fuel excise
taxation, with bi-annual indexation, already occurs
within Australia; and (ii) the excise is levied at the point
of production or import and there are relatively few pro-
ducers/importers of transport fuels in Australia. It is
therefore expected that the administrative and compli-
ance burden of the tax would be relatively low [47].
Intervention costs were estimated using information
from an Australian Government Regulatory Impact
Statement [48] and publicly available data on wage costs
and use of parliamentarians time [48–51] Costs and cost
savings were discounted at 3% and all values are re-
ported in AUD2010 dollars (Table 1).
Economic evaluations of transport interventions differ
in their inclusions of other potential cost or cost saving
categories [20]. Travel time savings and car parking cost
savings are difficult to generalise given the large scope
for variation in costs when modelling nationally, and
therefore have not been included in our analysis. Decon-
gestion and environmental benefits are also difficult to
generalise on a national basis and therefore have also
been omitted. Vehicle operating cost (VOC) savings re-
lated to fuel and repairs and maintenance were esti-
mated using conservative parameter values from
Australian guidelines [52] and reported separately as po-
tential replacement expenditure per new active traveller
(i.e. as resource corrections between automobile and PT
usage costs). We assume that those new to AT will con-
tinue to own and use private motor vehicles for other
purposes. For consumers changing their travel behav-
iours in response to financial incentives, the ‘rule of half ’
was applied to VOC savings as per national guidelines
[52]. The ‘rule of half ’ is based on the economic theory
that when consumers change their travel in response to
a financial incentive, the net consumer surplus is equiva-
lent to half of their price change [53].
Health adjusted life years (HALYs) gained were esti-
mated by comparing the intervention to the ‘do-nothing’
comparator. A limited societal perspective was adopted,
with the time horizon for estimating cost offsets and
HALY benefits being rest-of-life or 100 years. Incremen-
tal cost-effectiveness ratios (ICERs) were calculated by
dividing the difference in the net cost of the intervention
by the difference in the net health benefit. ICER results
are presented on a cost-effectiveness plane, where inter-
ventions that are both cost saving and of benefit to
health are considered ‘dominant’. Interventions falling in
the other quadrants of the plane will be determined as
cost-effective using the AUD50,000 per HALY threshold
as per Australian benchmarks [54].
All modeling was undertaken using Excel 2010, with
uncertainty analysis around the relative risk of incident
disease and key input parameters estimated by Monte
Carlo simulation using the Excel add-in Ersatz (version
1.34) [55]. For input parameters with considerable
uncertainty, we have adopted a conservative approach to
estimation of potential cost-effectiveness. One-way sen-
sitivity analyses were then undertaken to test the validity
of assumptions and robustness of results [56]. We also
present “plausible case” scenario results, using higher
but still credible values as an indication of the potential
range for cost-effectiveness. Parameters for sensitivity
analyses are given in Appendix 4.
Consideration of the broader impacts of an inter-
vention should also be considered alongside any cost-
effectiveness analysis, in order to take into account
factors that are important to decision-makers but dif-
ficult to quantify within the analysis [3, 56]. Cost-
effectiveness results are therefore discussed alongside
a “second stage filter analysis”, which analyses poten-
tial equity, feasibility, acceptability and sustainability
effects of the intervention.
Results
Results from the scoping review of published associations
between obesity, PA, walking or cycling and fuel price or
taxation
A total of 12 studies were included in our evidence re-
view of obesity, PA, walking or cycling associations with
fuel taxation or price (Fig. 3). Limited evidence currently
exists in the peer-reviewed literature on the effect of fuel
price or taxation on obesity specifically, with only three
primary studies found [57–59] (Table 2). All three stud-
ies were cross-sectional study designs, and only the
study by Courtemanche [57] examined individual level
effects.
Nine studies specifically explored the association be-
tween fuel taxation or price and PA, walking or cycling
[60–68](Table 2). The majority of these studies (89%)
were cross-sectional [61–68]; with only one longitudinal
study investigating the relationship between fuel price
and leisure PA [60]. Over half of these studies (55%) re-
ported specifically on associations between fuel taxation
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or price and cycling [63–65, 67, 68], perhaps reflective
of the increasing evidence of the positive health benefits
of cycling for utilitarian purposes [69].
The mean quality assessment score of all included
studies was relatively low (6 out of a possible score of
10, range 4 to 8) (Appendix 5), and is partly attributable
to the use of cross-sectional study designs and self-
reported outcomes. The challenges of collecting rigorous
evidence of effect for environmental or policy-type inter-
ventions are well-recognised, with calls for better use of
‘natural experimental’ designs and a more pragmatic
approach to the traditional hierarchies of evidence for
interventions not amenable to evaluation through con-
trolled circumstances [70, 71].
Results from the scoping review of published cross price
elasticities of PT demand
Estimates of cross price elasticity of demand for PT
with respect to fuel price vary due to geographical lo-
cation, time and modal share, but also due to model
specification, statistical methods and quality of data
used [72, 73]. Our scoping review found eight relevant
studies reporting on cross price elasticity of PT de-
mand with respect to fuel price. Two estimates of
cross price elasticity were found from the search of
the BITRE database [33], and six estimates were found
from our non-systematic search [73–78] (Table 3).
Overall, limited consensus exists on values for ei-
ther short-run or long-run cross price elasticity of de-
mand for PT with respect to fuel price. The study by
Currie & Phung [74] cited cross price elasticities
within a probable range of 0.07 to 0.80, although au-
thors noted the wide range and potential for variabil-
ity from use of these estimates. In a subsequent
paper, the authors estimated variability between differ-
ent Australian cities at different times of day and be-
tween different PT modes, finding that variations in
service levels, infrastructure and peak vs. non-peak
travel may explain some differences [75].
The review by Kennedy & Wallis [76] found that cross
price elasticities for rail services may be higher than
those for other PT modes, citing a range of 0.48 to 0.80
for rail and recommending lower cross price elasticities
for general PT services from around zero to 0.20. The
review by Luk & Hepburn [77] recommended a short-
run cross price elasticity of 0.07. The updated review by
Litman [73] recommended cross price elasticity values
of between 0.05 and 0.15 in the short-run and between
0.2 and 0.4 in the long-run, incorporating Australian
studies into the analysis of this probable range.
Fig. 3 PRISMA flowchart of included studies
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Holmgren [78] conducted a meta-analysis of bus de-
mand elasticities and estimated the expected values for
cross price elasticity of demand with respect to petrol
price for Australia as 0.82 in the short-run (95% UI 0.56–
1.08) and 1.15 in the long-run (95% UI 0.65–1.65). The
author suggested that estimates were much higher for
Australia than Europe (short-run cross price elasticity in
Europe 0.4 (95% UI 0.16–0.64), long-run cross price elasti-
city in Europe 0.73 (95% UI 0.38–1.08)). Estimates from
the meta-analysis are also obviously much higher than
other studies reported here (Table 3). The mean cross
price elasticity of demand for PT with respect to fuel price
across all 17 included studies by Holmgren 2007 [78] was
0.38 (s.e 0.31), although no detail was given on the search
method or inclusion criteria for studies and references of
the included studies were not cited.
Results from cost-effectiveness modelling
Due to the relatively limited evidence of obesity, PA, walk-
ing or cycling effect (Table 2), cost-effectiveness scenarios
of an increase in fuel taxation were modelled using con-
servative estimates of cross price elasticity of demand for
public transit with respect to fuel price and key input pa-
rameters. To avoid over-estimating potential health bene-
fits, we selected the conservative cross price elasticity
value of 0.07, with potential health benefits resulting from
the increase in walking to access PT as the basis for our
hypothetical main scenario. Key input parameters for esti-
mation of intervention effect are given in Table 4.
Based on our conservative modelling inputs and as-
suming effect stability over the lifetime, 237 HALYs
would be gained as a result of the intervention (95% UI
138–351). A total of AUD2.6 M in healthcare costs
would be averted (95% UI AUD1.3 M–3.9 M)(Table 5).
The intervention would result in an overall decrease in
mortality and morbidity from traffic accidents (3 deaths
averted and 79 years lived with disability (YLDs)
averted). The ICER suggests that the intervention would
be cost-effective over the lifetime, with a median ICER
of 7702 (95% UI 1366–22,125). The probability of the
intervention being dominant (cost saving) however is
only 0.8% (Table 5, Fig. 4).
If we model only health-related costs and benefits
of diseases related to obesity (and omit the independ-
ent effects of diseases related to PA and mortality
and morbidity from the change in risk of injury) 195
HALYs would be gained over the lifetime (95% UI
85–314), with AUD2.3 M in obesity-related healthcare
cost savings (95% UI AUD0.96 M–3.8 M). If only
considering the obesity-related effects the intervention
is still considered cost effective with a median ICER
of 10,514 (95% UI 1843–39,990), however the prob-
ability of the intervention being dominant is only
0.3% (Table 5, Fig. 4).
One-way sensitivity analyses were undertaken to test
the robustness of results to variations in some of the
key input parameters, especially those where uncer-
tainty analysis was not possible due to data constraints
(Table 5) (Appendix 4). Our cost-effectiveness results
are very sensitive to the choice of cross price elasticity
used (Table 5). Both sensitivity analyses varying cross-
price elasticity result in far higher HALY and health-
care cost saving estimates and the intervention is
dominant. The burden of morbidity and mortality
from traffic accidents is also reduced in both scenarios
(14 deaths and 356 YLDs averted (cross price elasticity 1);
20 deaths and 501 YLDs averted (cross price elasticity 2)).
Evidence also suggests that people will walk more than
400 m to access trains in particular, with 800 m regarded
as the planning “rule-of-thumb” and some research
demonstrating that 800 m may still be a conservative es-
timate for train accessibility [79, 80]. If we vary the dis-
tance walked to access PT to 800 m in our main analysis
the intervention is also dominant (Table 5). Increased
distance to access PT would however result in an in-
crease in mortality from traffic accidents (5 fatalities
gained) but a decrease in morbidity (33 YLDs averted)
due to the change in traffic exposure. The use of 3.5
METs for walking is also relatively conservative when es-
timating walking for commuting purposes [81]. Obvi-
ously use of a higher MET value for walking to access
PT would also result in greater health benefits and cost-
effectiveness.
Due to the fact that many of the input parameters
for our main analysis are relatively uncertain but
Table 3 Estimates of cross price elasticity of demand for PT
with respect to fuel price, focusing on Australian values
Source Type of study Estimate
BITRE database [33],
Table 1D03
Cited from study by
Goodwin [101]
0.34
BITRE database [33],
Table 2D18
Cited from studies by
Cervero 1990 and
Wang & Skinner 1984
(further details not given)
0.08 to 0.80
Currie & Phung 2006 [74] Review within primary
study
0.07 to 0.8
Currie & Phung 2008 [75] Review within primary
study
LR: 0.07 to 0.30
Holmgren 2007 [78] Review
Meta-analysis
0.38 (s.e 0.31)
SR: 0.82 (95% UI
0.56 to 1.08)
LR: 1.15 (95% UI
0.65 to 1.65)
Kennedy & Wallis 2007 [76] Review 0 to 0.20
Litman 2016 [73] Non-systematic review SR: 0.05 to 0.15
LR: 0.2 to 0.4
Luk & Hepburn 1993 [77] Review SR: 0.07
Table notes: BITRE Bureau of Infrastructure, Transport and Regional Economics,
LR long-run, s.e standard error, SR short-run, UI uncertainty interval
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based on conservative estimates, we modelled a
“plausible case” cost-effectiveness estimate using the
input parameters given in Appendix 4. If we assume
higher ‘plausible case’ values for cross price elasticity,
MET value for walking and distance walked 3181
HALYs would be gained over the lifetime (95% UI
1797–4633), with AUD34.2 M in healthcare cost sav-
ings from obesity and PA related diseases (95% UI
AUD17.4 M–51.3 M). The intervention would be
dominant (Fig. 4). If we model only health-related
costs and benefits of diseases related to obesity for
the “plausible case” scenario (and omit the independ-
ent PA and injury-related effects) 2532 HALYs would
be gained over the lifetime of the cohort (95% UI
1084–4098), with AUD30.3 M in obesity-related
healthcare cost savings (95% UI AUD12.9 M–47.4 M).
If only considering these obesity-related benefits, the
“plausible case” scenario is still dominant (Fig. 4).
Using Australian recommended values for vehicle op-
erating cost (VOC) savings, we estimate that at least
AUD689 could be spent per year on replacement trip
costs per new PT user as resource correction costs
(Table 6). As an indication of likely replacement trip costs,
a metropolitan yearly train ticket in the state of Victoria
cost the equivalent of AUD1,342 in the 2010 reference
year for our analysis. It should be noted however that our
conservative approach to estimating VOC savings likely
results in underestimation (for instance, we have not in-
cluded savings related to parking costs, oil or tyre replace-
ment costs). If we assume even a AUD5.00 parking cost
per day for full-time motor vehicle commuters for
46 weeks of the year the annual breakeven for replace-
ment PT trip costs would be AUD1839 per new PT user
(i.e. potentially an overall cost saving). Evidence suggests
that central business district parking rates in Australia are
in fact much higher [82].
Table 4 Input parameters for estimation of intervention effect, mean value and 95% uncertainty intervals
Parameter Mean values and 95% UIa
(where applicable)
Sources and assumptions
Cross price elasticity for PT with respect
to fuel price
0.07 Derived increase in the prevalence of PT commuting of 0.61% [38].
Modelled to PA/BMI effect (Appendix 3). Assumed all new PT users
were previous car drivers, a reasonable assumption given the high
prevalence of driving to work in Australia [38].
Average annual retail fuel price
(national, metropolitan)
(cents per litre)
125.39 cents
(95% UI 124.95–125.86)
Sampled from a gamma distribution, from national metropolitan
fuel price [102].
Marginal METb value for walking to access PT 2.5
(95% UI 0.7–6.4)
MET value for walking to access PT 3.5 from Ainsworth et al.
2011 [81], adjusted for inactivity. Sampled using a lognormal
distribution (stdev 1.6 from Gotschi et al. 2015 [103]).
Average distance a person will walk to access
PT (metres)
400 Based on ‘rule of thumb’ planning guideline for distance walked
to bus/tram access points [104, 105].
Comfortable gait speed (cm/s) Males
18-29y = 139.2
(95% UI 110.5–172)
30-39y = 145.7
(95% UI 128.4–164.2)
40-49y = 145.6
(95% UI 115.6–180.4)
50-59y = 139.5
(95% UI 100.5–192.2)
60-64y = 136.3
(95% UI 100.9–179.7)
Females
18-29y = 140.3
(95% UI 109.3–177.4)
30-39y = 140.8
(95% UI 117.5–166.9)
40-49y = 139.2
(95% UI 111.5–172.1)
50-59y = 139.5
(95% UI 112.2–170.8)
60-64y = 129.6
(95% UI 90.8–172.7)
Sampled from a lognormal distribution, taken from estimates from
Bohannon 1997 [106]. Using average distances and gait speeds
this results in an average increase in walking to access PT of
18.9 min per day in men and 19.2 min per day in women.
This falls within the range summarised by Rissel et al. [30] of 8 to
33 min PA associated with PT use.
Number of weeks of intervention effect
(averaged over year)
49
(95% UI 46–52)
Sampled from a uniform distribution based on estimate of
number of working weeks per year for full-time workers.
Table notes: a95% uncertainty interval (UI) based on 2000 simulations. b = Metabolic equivalent task (MET) value defined as the ratio of activity specific metabolic
rate to standard resting metabolic rate of 1.0 [81]. ABS Australian Bureau of Statistics, AUD Australian dollars, cm/s centimetres per second, PA physical activity,
PT public transport, RIS regulatory impact statement, SA sensitivity analysis, VISTA Victorian Integrated Survey of Travel and Activity, Y years of age
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Discussion
Despite the increasing awareness that AT may positively
contribute to population levels of PA with resultant pub-
lic health benefits, evidence on effective and cost-
effective interventions to improve rates of AT is limited.
Our hypothetical estimation of potential cost-
effectiveness of a macro-level fuel excise taxation inter-
vention incorporating both PA, injury and obesity-
related health benefits therefore adds to the relatively
limited evidence base on the potential for ‘upstream’ in-
terventions for obesity prevention across populations
[1]. To date, only one study has investigated the impact
of a fuel price increase on health [23], finding that a 20%
fuel price increase in Belgium resulted in relatively mod-
est health benefits from reduced risk of mortality from
physical inactivity, and reduced mortality and morbidity
from injuries and emissions (1650 DALYs averted (95%
UI 1010–2330)). Our results support these findings of a
positive overall health impact of an increase in fuel price,
and suggest that a fuel excise taxation intervention may be
cost saving when including the PA, injury and obesity-
related health benefits of a resultant increase in AT but
that the magnitude of results is sensitive to relatively un-
certain input parameters.
Active commuting could contribute substantially to-
wards reaching the recommended Australian adult guide-
line levels for PA of 150 to 300 min of moderate intensity
PA per week [83]. Our conservative estimates here suggest
that walking to access PT for commuting purposes could
increase walking for transport on average by 90 min per
week (Appendix 3). This is within the range reported in
the systematic review by Rissel et al. [30] of between 8 and
33 min of additional PA per day from walking to access
PT, and further highlights the valuable contribution that
incidental PA through AT could make to reducing popula-
tion levels of diseases associated with physical inactivity.
In order to produce conservative results we also assumed
that the uptake in PA occurred in those already moder-
ately or highly physically active. If the intervention en-
couraged those currently inactive to walk to access PT the
potential health gains could be even greater but are likely
to be less sustainable.
Modelling hypothetical PA effect to BMI effect using
the validated approach by Hall et al. [44] suggests that
small obesity-related health benefits are also achievable
through AT policies and interventions. Our estimates
(Appendix 3) fall within the range of plausible estimates
from published studies. For example the longitudinal
study by Martin et al. [12] estimating a BMI reduction
from changing from commuting by private transport to
AT of −0.32 kg/m2 (95% UI -0.60 kg/m2 to −0.05 kg/m2)
or the longitudinal study by Flint et al. [84] estimating
that middle age adults who commuted by AT had lower
BMI than car-driving commuters (−1.0 kg/m2 in men
Table 5 Results, main scenario and sensitivity analyses
Results per scenario Total HALYs saved Total healthcare cost savings
(AUD 2010)
Net cost per HALY saved
(with cost offsets)
(ICER, AUD 2010)
Main scenario Main scenario
BMI/PA/injury effect
237
(95% UI 138–351)
$2,552,925
(95% UI $1,304,017–$3,905,568)
$7702 saved per HALY
(95% UI $1366–$22,125)
(Probability of cost-effectiveness 99.7%)
(Probability of cost-saving 0.8%)
Main scenario
BMI effect only
195
(95% UI 85–314)
$2,310,366
(95% UI $962,352–$3,762,993)
$10,514 saved per HALY
(95% UI $1843–$39,990)
(Probability of cost-effectiveness 98.4%)
(Probability of cost-saving 0.3%)
One-way sensitivity
analyses
Cross price elasticity 1
(0.82 from Holmgren [78])
2769
(95% UI 1614–4056)
$29,928,506
(95% UI $15,124,893–$45,413,548)
Dominant
(Probability of cost-effectiveness 100%)
(Probability of cost-saving 99.95%)
Cross price elasticity 2
(1.15 from Holmgren [78])
3882
(95% UI 2233–5714)
$42,000,179
(95% UI $20,713,001–$63,854,358)
Dominant
(Probability of cost-effectiveness 100%)
(Probability of cost-saving 100%)
Distance walked 800 m 472
(95% UI 258–705)
$5,098,746
(95% UI $2,422,181–$7,810,093)
Dominant
(Probability of cost-effectiveness 99.95%)
(Probability of cost-saving 71%)
“Plausible case” “Plausible case”
scenario – BMI/PA/injury
effect
3181
(95% UI 1797–4633)
$34,239,586
(95% UI $17,433,480–$51,336,591)
Dominant
(Probability of cost-effectiveness 100%)
(Probability of cost-saving 100%)
“Plausible case”
scenario – BMI only
2532
(95% UI 1084–4098)
$30,222,697
(95% UI $12,875,579–$47,444,286)
Dominant
(Probability of cost-effectiveness 100%)
(Probability of cost-saving 99.9%)
Table notes: Reported values are medians. AUD Australian dollars, HALY health adjusted life year, 95% UI 95% uncertainty interval, BMI body mass index,
PA physical activity, ICER incremental cost-effectiveness ratio, MET metabolic equivalent task, m metres
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(95% UI -1.13 kg/m2 to −0.84 kg/m2), −0.7 kg/m2 in
women (95% UI -0.85 kg/m2 to −0.48 kg/m2)).
Our hypothetical main scenario results suggest modest
health benefits using very conservative input parameters
(237 HALYs, AUD2.6 M in healthcare cost savings over
the lifetime). The range of results using less conservative
but still credible inputs however suggests the potential
for much larger population health gains (for instance,
under our ‘plausible scenario’ 3181 HALYS gained and
AUD34.2 M in healthcare cost offsets). Results demon-
strate that a fuel excise taxation intervention could be
cost effective from an obesity prevention perspective,
with the median ICER from all of our analyses falling
under the AUD50,000 cost-effectiveness threshold [54].
Results also highlight the importance of improving road
safety for cyclists and pedestrians, with scenarios
Table 6 Cost savings per new person to PT as a result of the intervention
Cost or cost savings per new PT user Values (AUD) Source/Estimate
Vehicle operating cost (VOC) savings
Annual petrol cost savings per new PT user
(out-of-pocket cost savings for fuel saved)
$492.08 Annual distance (car driver km pp) saved, based on mean trip-stage
distance (km) from home to workplace by car drivers from VISTA
data [107] and verified by national data [108], full-time workers and
national metropolitan fuel price [102]. ‘Rule of half’ applied.
Repairs and maintenance cost savings $197.26 Annual distance (car driver km pp) saved, based on mean trip-stage
distance (km) from home to workplace by car drivers from VISTA
data [107] and verified by national data [108], full-time workers and
National Guidelines [52]. ‘Rule of half’ applied.
VOC SAVINGS FOR THOSE NEW TO AT a $689
Including parking charges of $5 per business dayb $1839
Including parking charges of $10 per business dayb $2989
Including parking charges of $20 per business dayb $5289
Table notes: a only includes conservative parameters, therefore likely understimates potential cost savings. b based on full-time workers, for average 46 working
weeks per year. AUD Australian dollars, km kilometres, pp. per person, PT public transport, VISTA Victorian Integrated Survey of Transport Activity
Fig. 4 Cost-effectiveness planes, net cost per HALY saved
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modelling increased distance to access PT resulting in
higher mortality (although lower morbidity) and all
other scenarios resulting in improved traffic related mor-
bidity and mortality.
Findings from our scoping review and hypothetical
modelling study demonstrate however the limitations
and difficulties of collecting and modelling evidence on
the health impacts of specific population level transport
interventions. Until now health impact assessments and
economic evaluations of active transport interventions
have relied heavily on hypothetical scenario modelling
and assumptions around effect to estimate costs and
consequences [9, 20]. While the information that such
studies provides is useful, now there is a need for action-
able, implementable and effective ways to increase rates
of AT across populations. Our scoping review however
demonstrates just how difficult evaluating the public
health credentials of non-health sector interventions is,
given that relatively little empirical evidence currently
exists on the impact of fuel taxation or price on AT be-
haviours. The limited scope of evidence currently avail-
able on obesity-related effect is somewhat expected,
given that obesity is further along the causal pathway
than PA effect when considering the impact of AT on
health. However we also found relatively few studies
examining associations between fuel price or taxation
and walking and cycling specifically, coupled with the
fact that limited consensus exists around cross price
elasticities of demand for PT with respect to fuel price.
Our hypothetical modelling aimed to make the best pos-
sible use of the limited evidence base as it currently
stands, however a lack of more rigorous evidence of effect
is a limitation of our modelling. We have tried to circum-
vent this to the best of our ability by using conservative
estimates of parameters and providing “plausible case”
scenario analyses. It should be noted however that cross
price elasticities may differ between different contexts or
between different socio-economic groups (for instance
urban residents who are better serviced by PT may be
more cross price elastic than those who are not [85]); our
modelling has not been able to incorporate any of this
variation or complexity at this time. Use of a more direct
and observable estimate of PA or obesity effect would be
preferable for our economic modelling, and this is an area
where significant scope for future research exists.
Anecdotally, some countries with high prevalence of AT
also have high fuel prices (for instance, the Netherlands).
Evidence suggests that transport policies that promote
easy and relatively cheap access to a motor vehicle result
in more kilometres of daily car travel [86, 87]. Logically,
fuel price may be one of several contributing factors in de-
ciding whether to engage in AT. Whilst many other con-
tributing factors are also likely to exist, it is clear that a
better understanding of the extent to which price levers
such as fuel excise taxation might contribute to reducing
obesogenic environments is warranted. Whilst no single
intervention is likely to improve rates of AT on its own, a
better understanding of the different economic, physical,
environmental, cultural and legal circumstances that
might result in more AT and less private vehicle travel is
required. Given that a fuel excise intervention is able to be
implemented at scale and relatively easily embedded, the
potential for positive health benefits should be better ex-
plored through more comprehensive research into effects
on AT behaviours [2]. This is especially the case given that
relatively modest population shifts to AT based on cross-
price elasticities of demand for public transport with re-
spect to fuel price as we have modelled here may result in
significant obesity and PA-related benefits.
More evidence is also required on the potential sustain-
ability of effect of specific interventions, given that indi-
viduals may alter their travel behaviours in the longer run.
These longer term changes in behaviour may result in
more AT – for instance, consumers may choose to move
closer to their place of work so that they can walk or cycle
instead of drive if fuel taxation rises. Or it may result in
less travel or less AT specifically – for instance, consumers
may purchase more fuel efficient or electric vehicles or
change their travel patterns altogether over time if fuel
taxes increase. If however consumers become desensitised
to price increases over time, the intervention may also
have limited effect on travel behaviours in the longer term.
Given the lack of evidence of effect, our modelling as-
sumed effect stability over the working life (18 to 64 years).
This is both a limitation and a strength of our study; limit-
ing in the sense that this assumption may overstate the
stability of effect during a person’s working years but a
strength in that we make no assumption that a long-term
change in travel behaviour leads to a continuation of AT
behaviour upon retirement.
Our results modelled potential health impacts on com-
muting trips, however this is also a small proportion of
total trips made by motor vehicles (and potentially af-
fected by the intervention). Travel to and from work
made up only approximately one quarter of total passen-
ger vehicle kilometres travelled in Australia in 2014 [88].
Comprehensive data on transport behaviours is relatively
limited at the national level in Australia. Our results
therefore potentially underestimate the health-related
benefits of an increase in fuel taxation by not taking into
account travel for any other purpose. Our results also do
not accurately reflect the potential impact of a fuel ex-
cise intervention on those not in the workforce, such as
retirees, the unemployed or children.
The efficiency of the fuel excise tax as a source of
Australian government revenue currently focuses on the
desirability of tax neutrality – that is, that the tax mini-
mises distortions to consumption decisions as much as
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possible. The motivation for increasing fuel excise taxation
to improve rates of AT would be to purposefully distort
consumer choices, and so it is likely that any such inter-
vention would be both politically and socially sensitive
(Table 7). Fuel purchases make up approximately 2.97% of
the average household weekly expenditure on goods and
services in Australia, with middle-income households
spending slightly more (approximately 3.4% for house-
holds in the second income quintile and 3.3% for house-
holds in the third income quintile) than the lowest or
highest income households (2.93% and 2.49% respectively)
(Appendix 6) [89]. The intervention would therefore result
in greater financial impact on middle and low-income
households than high-income households (Appendix 6)
and households whose main source of income is from
government payments would also be relatively worse off
than high-income households (Appendix 6) [89]. Future
scope exists for a more detailed exploration of interven-
tion outcomes, costs and consequences by socioeconomic
groups.
Due to this potential regressivity, it is clear that social
offsets would be required in order to achieve political
and social acceptability. The approximately AUD1.7B in
revenue that the Australian Government would stand to
collect on an annual basis through the increase
(AUD1.5B in additional excise based on assumed inter-
vention effect and passenger vehicle petrol consumption
in 2010 [90] and AUD154M in additional GST) could be
directed towards minimising regressivity and ensuring
that the other factors necessary to support a switch to
AT, such as PT accessibility, are available. Convenient,
low-cost, affordable and good quality PT networks
would act as both enablers and motivators of a move
away from the current dependence on private motor ve-
hicle travel towards more active forms of transport [91].
Whilst there have been calls for a more central role for
public health in the transport planning and policy agenda
[92] our findings highlight the fact that more research into
potential health impacts is required in order for public
health considerations to be more comprehensively consid-
ered. Whilst the body of evidence for the environmental,
social and health impacts of transport planning practices
has grown in recent years, there is still a significant gap in
knowledge in terms of which specific interventions may
provide better social, health, environmental and economic
outcomes. Parallel literature has examined the potential
effectiveness and cost-effectiveness of taxing other un-
healthy behaviours such as drinking alcohol or sugar-
sweetened beverages [93–95] and cigarettes [96, 97]. Our
review demonstrates that there may be significant obesity
Table 7 Second stage filter analysis of a fuel excise taxation intervention
Filter Summary Decision points
Level of evidence Quantity and quality of evidence supporting association between fuel price or taxation
and AT is limited.
May be effective:
No Level I or II evidence
Modelling based on hypothetical scenario analysis
Weak evidence of effectiveness
Equity Equity concerns:
Disproportionate effect across low, middle and high-income households. Middle-income
households most affected as a proportion of overall weekly household expenditure.
High-income households least affected as proportion of overall weekly expenditure.
Evidence suggests that public transport is less accessible for persons with disabilities,
the elderly, those living in areas not well-serviced by comprehensive networks and those
from disadvantaged backgrounds.
Moderate issue
Acceptability Would require measures to be put into place to increase acceptability (for instance,
revenue reinvestment to deal with potential regressivity and to ensure comprehensive
public transport accessibility).
Moderate issue
Feasibility The intervention is feasible.
The feasibility of modal switch to public transport as a result of the intervention may be
limited in rural areas or areas not currently well-serviced by comprehensive public
transport networks. A recent Australian survey found that 30% of respondents did not
use public transport to work or full-time study due to the fact that no service was
available at all, with 5.5% of respondents reporting that services were located too far
from home [109].
Not a major issue
Sustainability The sustainability of effect is relatively unknown.
Consumers may adjust behaviour to price rises over the longer term.
Weak evidence of sustainability
Side-effects Positive:
Potential for less traffic, pollution, safer environments for pedestrians and cyclists
Negative:
Potential strain on public transport networks
Significant wider positive side-effects
Policy considerations: The intervention demonstrates potential for cost-effectiveness, but is limited in terms of quality of evidence of effect and
sustainability. Concerns around equity and acceptability would need to be addressed.
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and PA-related benefits in using fuel excise taxation as
more than a neutral revenue-raising stream. Our results
however highlight the need for better knowledge on the
wide range of policy levers that may encourage more
physically active societies.
Conclusions
Relatively limited evidence exists on the impacts of fuel
price or taxation on obesity or PA-related behaviours. Ex-
ploratory modelling, using plausible estimates associated
with modal switch to PT demonstrates that a fuel excise
taxation intervention may provide small individual level
benefits in a relatively small subset of the Australian popu-
lation. If the effect is maintained over time however, these
relatively small changes could lead to relatively large
population level health gains. In order to be politically and
socially favourable, a fuel excise intervention designed to
increase rates of AT would however have to overcome sig-
nificant equity and acceptability challenges. This could
possibly occur through reinvestment of taxation revenues
into initiatives such as better provision of alternative
modes of transport. A range of intervention approaches is
likely required to improve rates of AT, especially in coun-
tries with low prevalence. Implementation of such inter-
ventions is often incremental, and our paper provides
valuable evidence on potential physical activity related
health gains from a fiscal policy to make AT more appeal-
ing and driving less appealing to Australian drivers.
Appendix 1
Search strategies.
Tables provide a summary of search strategies for the
scoping review.
To be considered for inclusion studies needed to:
1. Be written in the English language in any year;
2. Be published as an academic paper in a peer review
journal;
3. Be a primary study, not a review;
4. Report on (i) an obesity-related effect, or (ii) a PA-
related effect of fuel taxation or price. Obesity-
related effect was defined as a change in an adiposity
related outcome such as weight, waist circumference
or BMI. PA-related effect was defined as a change in
leisure or utilitarian PA, walking or cycling.
Studies reporting on associations between fuel taxation
or price and a variable representing the demand for
motor vehicles (for example, motor vehicle ownership or
distance travelled) were excluded because associations
do not necessarily reflect a shift to more AT, but may
better reflect a change in discretionary or other travel
behaviours (for example, trip purpose or timing). The
reference lists of included studies were also searched.
Appendix 2
Tables provide details on the strength of evidence
assessment.
Table 8 Scoping review of published associations between
obesity, PA, walking or cycling and fuel price or taxation search
strategy
Database Intervention terms Outcome terms
EBSCOHost
All databases,
peer-reviewed only
Petrol* pric* OR petrol
tax* OR gasoline pric*
OR gasoline tax* OR
fuel pric* OR fuel tax*
Physical activity OR “active
transport*” OR bicycl* OR
walk* OR pedestrian OR
Obesity OR weight gain OR
BMI OR “body mass index”
OR “energy balance” OR
“energy expenditure”
Web of Science
Conducted May 2016
Table 9 Scoping review of published cross price elasticities of
public transport demand
Databases Combination of search terms used
EBSCOHost
(All databases, peer-reviewed only)
Web of Science
Public transport*, transit, meta-analysis,
review, systematic review, elasticit*
GoogleScholar
First 20 pages searched
(10 results per page)
Cross price elasticity and public
transport and Australia
Conducted May 2016
Table 10 Strength of evidence assessment using STROBE
statement, scoping review studies
Quality criteria Specification of scores Score
1 Study type Cross-sectional 0
Longitudinal 1
2 Exposure/s Not clearly reported, no data sources
given
0
Clearly reported, with data sources given 1
3 Outcome Self-reported 0
Objectively measured
(at least one timepoint where applicable)
1
4 Sample size Small (n < 500) or not explicitly reported 0
500–10,000 1
>10,000 2
5 Completeness of data Data available for <80% of participants or
not reported
0
Data available for ≥80% of participants 1
6 Statistical methods Not clearly reported 0
Clearly reported 1
7 Confounding Not controlled for confounders 0
Attempted to control for confounders 1
8 Descriptive data Not clearly reported 0
Clearly reported 1
9 Clear presentation of results
of associations of interest
No table listing results and significance 0
Table listing results and significance 1
Total (highest possible) 10
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Appendix 4
Parameters for uncertainty analysis.
Tables provide summaries of one-way and “plausible
case” sensitivity analyses input parameters.
Table 13 “Plausible case” scenario for sensitivity analysis
Parameters for ‘plausible case’ scenario analysis Mean values and 95% UIa
(where applicable)
Sources and assumptions
Intervention effect
Cross price elasticity for public transport with
respect to fuel price
0.37
(95% UI -0.24-0.97)
Sampled from a normal distribution, taken from mean
cross price elasticity as reported by Holmgren 2007 [78].
Derived increase in the prevalence of PT commuting of
3.3% [38]. Modelled to PA/BMI effect. Assumed all
new public transport users were previous car drivers, a
reasonable assumption given the high prevalence of
driving to work in Australia [38].
Average annual retail fuel price
(national, metropolitan) (cents per litre)
125.39
(95% UI 124.95–125.83)
Sampled from a gamma distribution, from national
metropolitan fuel price [102]. As per primary analysis.
Prevalence of using public transport for
commuting purposes
Males
18y-4.5%
19y-5.8%
20-24y-8.5%
25-29y-11.7%
30-34y-11.1%
35-39y-9.1%
40-44y-7.4%
45-49y-6.3%
50-54y-5.8%
55-59y-4.9%
60-64y-3.3%
Females
18y-6.9%
19y-8%
20-24y-11.1%
25-29y-13.1%
30-34y-9.9%
35-39y-6.8%
40-44y-5.9%
45-49y-5.7%
50-54y-5.3%
55-59y-4.5%
60-64y-2.9%
ABS Census 2011 [38]. As per primary analysis.
Marginal MET value for walking to access
public transport
3 MET value for walking to work or class of 4 from
Ainsworth et al. 2011 [81], adjusted for inactivity.
Sampled using a lognormal distribution
(stdev 1.6 from Gotschi et al. 2015 [103]).
Average distance a person will walk to
access public transport (metres)
800 Based on ‘rule of thumb’ planning guideline for
distance walked to bus/tram access points.
Comfortable gait speed (cm/s) As per primary analysis.
Number of weeks of intervention effect
(averaged over year)
As per primary analysis
Table 12 One-way sensitivity analysis parameters
Parameter Value used in
primary analysis
Value/s used in one-way
sensitivity analyses
Source/s
Intervention effect
Cross price elasticity for public transport
with respect to fuel price
0.07 0.82, 1.15 Sensitivity analysis values sampled from a normal distribution,
as reported by Holmgren 2007 [78]. Derived increase in the
prevalence of PT commuting of 7.2% and 10.1% respectively.
Average distance a person will walk to
access public transport (metres)
400 m 800 m Based on ‘rule of thumb’ planning guidelines
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Appendix 5
Table provides summary of results of quality assessment
of included studies in scoping review.
Table 14 Results of quality assessment of included studies in scoping review
Study Quality assessment criteria QA score
1 2 3 4 5 6 7 8 9
BMI
Courtemanche 2011 [57] 0 1 0 2 1 1 1 1 1 8
Rabin et al. 2007 [58] 0 1 0 0 1 1 0 1 1 5
Sun et al. 2015 [59] 0 1 0 0 1 1 0 1 1 5
Mean (BMI studies) 6
Physical activity
Hou et al. 2011 [60] 1 1 0 1 0 1 1 1 1 7
Sen 2012 [61] 0 1 0 2 1 1 1 1 1 8
Sen et al. 2014 [62] 0 1 0 2 0 1 1 1 1 7
Mean (PA studies) 7.3
Cycling
Buehler & Pucher 2012 [63] 0 1 0 0 0 1 1 1 1 5
Dill & Carr 2003 [68] 0 1 0 0 1 0 1 1 0a 4
Pucher & Buehler 2006 [67] 0 1 0 0 1 1 1 1 1 6
Rashad 2009 [64] 0 1 0 2 0 1 1 1 1 7
Smith & Kauermann 2011 [65] 0 1 1 0 1 1 1 1 1 7
Mean (cycling studies) 5.8
Walking
Ryley 2008 [66] 0 0 0 1 0 1 1 0 1 4
Mean QA for all study inclusions 6
aStudy reports selected findings, but not for relevant variables here
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Appendix 6
Table provides summary of potential equity effects of
the proposed intervention.
Table 15 Potential equity implications of the intervention
Parameter All households
(mean)
Gross household income quintile Source
Lowest Second Third Fourth Highest
Average weekly household
expenditure on fuel 2009–10
(AUD)
36.66 16.36 27.6 38.55 47.00 53.87 ABS Household Expenditure
Survey [89] and average
annual retail petrol price
per litre [102]
Average total weekly
household expenditure,
all goods and services
2009–10 (AUD)
1236.28 559.04 814.94 1169.47 1479.45 2159.74
Proportion of average
weekly household
expenditure spent on
fuel (pre-intervention)
2.97% 2.93% 3.39% 3.30% 3.18% 2.49%
Proportion of average
weekly household
expenditure spent on
fuel (incorporating price
rise of AUD0.10 per litre)
3.23% 3.18% 3.68% 3.59% 3.46% 2.71%
Change in proportion of
weekly household
expenditure on goods
and services spent on
fuel as a result of the
intervention
0.26% 0.26% 0.30% 0.29% 0.28% 0.22%
Parameter Main source of household income Source
Aged pension Income disability
and carer payments
Unemployment
and study
payments
Family support
payments
Government
pensions and
allowances
Average weekly household
expenditure on fuel 2009–10
(AUD)
18.24 24.50 28.72 29.50 20.31 ABS Household Expenditure
Survey [89] and average
annual retail petrol price per
litre [102]
Average total weekly
household expenditure,
all goods and services
2009–10 (AUD)
564.82 726.94 713.14 834.09 612.94
Proportion of average
weekly household
expenditure spent on
fuel (pre-intervention)
3.23% 3.37% 4.03% 3.54% 3.31%
Proportion of average
weekly household
expenditure spent on
fuel (incorporating price
rise of AUD0.10 per litre)
3.51% 3.67% 4.38% 3.85% 3.60%
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5. Discussion 
 
5.1 Introduction 
This chapter summarises the main findings of my PhD and discusses research 
implications and significance.  The publications located in Chapter 4 comprehensively 
detail the results and implications for each specific study comprising the thesis, and so 
should be referred to for in-depth detail on specific findings.  This section attempts to 
synthesise the main findings of the overall research, and to use these findings to 
answer the over-arching research questions set out in Chapter 1 surrounding the role, 
impact and cost-effectiveness of transport interventions for obesity prevention.  Study 
strengths and limitations are then discussed, and avenues for future work are 
explored.  
5.2 Relevant studies since publication of systematic or scoping reviews 
Several relevant studies have been published since the publication of my systematic 
and scoping reviews in January 2016 and early 2017 respectively.  These are 
summarised briefly by major research question in Table 11. 
 
Table 11: Recently published studies of significance to thesis publications 
Summary of studies Implications Paper 
RQ1: Role and impact of transport interventions for obesity prevention 
Mytton et al. (287) found that before adjusting for 
baseline BMI those who maintained cycle 
commuting in a sample of UK adults reported lower 
BMI at one year follow-up (reduction of 1.14kg/m2, 
95% UI 0.3-1.98kg/m2) than those who never cycled 
to work.  The association became non-significant 
however after adjusting for baseline BMI.  No 
significant association was found for maintenance 
of walking commuting.  An increase in walking 
amongst the physically inactive was associated with 
a reduction in BMI of 0.32kg/m2 (95% UI 0.03-0.62). 
 
Flint et al. (288) published longitudinal results from 
the UK Biobank Study.  Individuals who switched 
from motor vehicle commuting at baseline to AT 
commuting at follow-up (median 4.4 years to 
The seven recent studies add to 
the growing evidence base for an 
obesity effect of AT.   
2 
164  
follow-up) had a decrease in BMI of 0.30kg/m2 (95% 
UI 0.13-0.47kg/m2).  Conversely, those who 
switched from AT at baseline to motor vehicle 
commuting at follow-up had a BMI increase of 
0.32kg/m2 (95% UI 0.13-0.50kg/m2). 
 
Grontved et al. (289) also found both cross-sectional 
and longitudinal associations between cycling to 
work and obesity in Swedish men.  At baseline those 
who cycled to work had lower odds of incident 
obesity (OR 0.85, 95% UI 0.76-0.94) compared to 
passive travellers.  Study participants who 
maintained or began cycling to work during follow-
up also had lower odds of obesity (OR 0.61, 95% UI 
0.5-0.73) than participants who travelled passively 
or who changed to a passive mode of transport 
during follow-up. 
 
Liao et al. (290) found that using public transport 
was associated with a lower risk of overweight in 
Taiwanese adults (OR 0.84, 95% UI 0.79-0.9) 
compared to travelling by private vehicle.  A study 
conducted amongst Thai healthcare workers found 
conflicting evidence, with high levels of active 
commuting associated with central obesity (AOR 
1.4, 95% UI 1-1.8) (291). 
 
Tajalli & Hajbabaiue (292) found that AT was 
significantly negatively associated with obesity 
amongst a sample of New York City residents.  
Taking the City Bus was also positively associated 
with obesity, however study authors note the 
differences in characteristics of those who used the 
City Bus vs other modes. 
 
King & Jacobson (293) recently published a review 
of studies published since 2011 and reporting 
associations between automobile travel and 
obesity.  Study authors report the emerging 
evidence base for an obesity effect of motor vehicle 
use. 
The recent study by Mertens et al. (294) 
investigated the objective built environment factors 
associated with cycling for transport in five 
European regions.  Results from the cross-sectional 
study found that traffic calming features were 
significantly moderated by urban region, and only 
Whilst the evidence is from a 
cross-sectional study and 
therefore requires more 
exploration of causative effect, 
findings suggest that speed 
reduction may be a promising 
5 
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significantly associated with the odds of cycling for 
transport for the Ghent region in Belgium.  No 
significant association was found from data 
collected in Paris, Budapest, the Randstad region 
and London.  Overall results showed that living in 
neighbourhoods where speed limits are less than 30 
kilometres per hour was associated with being more 
likely to cycle for transport. 
intervention for improving rates 
of cycling for transport. 
RQ2: Cost-effectiveness of transport interventions as obesity prevention measures  
Veerman et al. (295) examined the cost-
effectiveness of investing in sidewalks as a means of 
increasing PA, and found that low densities in 
Australian cities resulted in the intervention being 
considered unlikely to be cost-effective.  Sensitivity 
results demonstrated that increasing population 
densities improved cost-effectiveness. 
Interventions assessed using CEA 
and included in the systematic 
review were generally cost-
effective using relevant thresholds 
(3 out of 5 included studies). 
1 
 
5.3 Main findings 
5.3.1 RQ1: The role and impact of transport interventions in obesity 
prevention 
This research question sought to examine the role and potential impact of transport 
interventions for obesity prevention.  The research demonstrates that overall, the 
potential obesity-related health impacts of increasing rates of incidental PA through 
AT are promising.  Logic models suggest that AT may play a role in improving rates of 
incidental PA across populations (Figure 8).  This may lead to a decrease in chronic 
conditions such as obesity, where physical inactivity is a risk factor.   
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Figure 8: Logic pathway between choice of mode of transport and obesity 
 
Figure notes: 1: Metabolic equivalent tasks (250).  METs are defined as the ratio of the work metabolic 
rate to the resting metabolic rate.  One MET is roughly equivalent to the energy cost of sitting quietly.  
BMI: body mass index. 
 
Whilst findings from the scoping review of the evidence of association between 
transport behaviours and obesity notionally supports this logic pathway, the results 
show that the published evidence base is still relatively inconclusive (Paper 2).  Only 
29% of published studies within the scoping review report associations between 
obesity and transport behaviours in the expected direction, with 33% reporting mixed 
associations and 36% reporting non-significant associations.  Study quality of included 
studies was reviewed as moderate (mean score of 20 out of a possible 26 for included 
review papers, mean score of 7 out of a possible 13 points for primary studies 
published since 2014).  This suggests that while there may be a potential role for AT in 
obesity prevention, more and better quality evidence of the direction and causality of 
the effect is required.  Given the number of new published studies (Table 11 and 
Paper 2), it is clear that the relationship between modes of commuting and obesity is 
an emerging area of interest for public health researchers. 
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More evidence is also required on the potential magnitude of any obesity effect of 
transport modal choice.  Published estimates of statistically significant BMI effect sizes 
differ from study to study (Table 12).  Whilst direct comparison is not recommended 
due to study heterogeneity, evidence from primary studies published since 2014 
demonstrates that most statistically significant associations are of a relatively low 
magnitude (that is, less than one BMI point (Table 12)(Paper 2)).  It should be noted 
that small reported effects could be influenced by factors such as study design and the 
fact that actively commuting makes up only a small part of an individual’s daily travel 
pattern.  It should also be noted that mixed or non-significant associations identified 
in the scoping review are not reported in Table 12.   
 
Table 12: Studies published since 2014 and reporting statistically significant 
associations between transport and BMI 
Study Study 
type 
 
Study 
population 
BMI effecta Measures 
Males 
Falconer et al. 
2015 (296) 
L UK teens -0.23 BMI SD score 
(95% UI -0.06--0.4) 
Consistent or predominantly 
active travel pattern to school vs 
those with a consistently passive 
pattern 
Flint et al. 
2014 (185) 
C UK adults -1.10kg/m2 
(95% UI -0.53--1.67) 
Commuted via public transport 
vs private transport 
 
 
-0.97kg/m2 
(95% UI -0.4--1.55) 
Commuted via active transport 
vs private transport 
Flint & 
Cummins 
2016 (297) 
C UK adults -1.0kg/m2 
(95% UI -0.87--1.14) 
Mixed public and active 
commuters vs private transport 
-1.71kg/m2 
(95% UI -1.56--1.86) 
Cycling or cycling and walking vs 
private transport 
Rissel et al. 
(298) 
C Australian 
adults 
-2.47kg/m2 
(95% UI -0.51--4.43) 
Walking to work and BMI 
 
-2.15kg/m2 
(95% UI -0.19--4.11) 
Cycling to work and BMI 
 
Females 
Flint et al. 
2014 (185) 
C UK adults -0.72kg/m2 
(95% UI -0.06--1.37) 
Commuted via public transport 
vs private transport 
-0.87kg/m2 
(95% UI -0.36--1.37) 
Commuted via active transport 
vs private transport 
Flint & 
Cummins 
2016 (297) 
C UK adults -0.67kg/m2 
(95% UI -0.47--0.86) 
Mixed public and active 
commuters vs private transport 
-1.65kg/m2 
(95% UI -1.38--1.92) 
Cycling or cycling and walking vs 
private transport 
Rissel et al. 
2014 (298) 
C Australian 
adults 
-2.95kg/m2 
(95% UI -0.99--4.91) 
Walking to work and BMI 
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Study Study 
type 
 
Study 
population 
BMI effecta Measures 
Persons 
Flint et al. 
2016 (288) 
L Middle-
aged UK 
adults 
-0.3kg/m2 
(95% UI -0.13--0.47) 
Individuals who transitioned 
from private motor vehicle use 
at baseline to AT or public 
transport at follow-up 
+0.32kg/m2 
(95% UI 0.13-0.5) 
Individuals who transitioned 
from AT at baseline to private 
motor vehicle use at follow-up 
Laverty et al. 
2015 (299) 
C Residents 
from six 
middle 
income 
countries 
(China, 
India, 
Mexico, 
Ghana, 
Russia, 
South 
Africa) 
-0.54kg/m2 
(95% UI -0.11--0.98) 
High use of AT and BMI 
Martin et al. 
2015 (186) 
L UK adults -0.32kg/m2 
(95% UI -0.05--0.6) 
Switching to AT or public 
transport vs continued private 
motor vehicle use 
-0.45kg/m2 
(95% UI -0.11--0.78) 
Switching to AT vs continued 
private motor vehicle use 
 
+0.34kg/m2 
(95% UI 0.05-0.64) 
Switching from AT or public 
transport to private motor 
vehicle use 
McKay et al. 
2015 (300) 
C Adults 
from India 
and 
Bangladesh 
-0.39kg/m2 
(95% UI -0.02--0.77) 
 
≥150min/week of AT and BMI 
Mytton et al. 
2016 (287) 
L UK adults -0.32kg/m2 
(95% UI -0.03--0.62) 
Increase in walking commuting 
in physically inactive and BMI 
 
Persons 
Schauder & 
Foley 2015 
(301) 
C US adults -0.188kg/m2 
(95% UI -0.117--0.259) 
AT and BMI 
Sun et al. 2015 
(302) 
C Chinese 
children 
-0.167kg/m2 
(95% UI -0.06--0.274) 
AT to school vs passive transport 
Wojan & 
Hamrick 2015 
(303) 
C US adults -1.83kg/m2 
(95% UI -0.484--
3.1764) 
AT and BMI 
Sugiyama et 
al. 2016 (304) 
C Australian 
adults 
+0.77kg/m2 
(95% UI 0.16-1.38) 
Spending >1 hour per day in cars 
compared to <15 min/day 
Table notes: a: Direct comparison of results is not recommended due to methodological differences 
across studies.  AT: active transport.  C: cross-sectional.  BMI: body mass index.  L: longitudinal.  Min: 
minutes.  SD: standard deviation.  UK: United Kingdom.  US: United States. 
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By making assumptions around the causation, generalisability and transferability of an 
estimate of BMI effect from the literature (namely that from the study by Martin et al. 
(186)), research findings demonstrate that even small individual level obesity effects 
may play an important obesity prevention role at the population level.  Results from 
hypothetical scenario modelling demonstrate that significant population level health 
impacts and healthcare cost savings may be achieved from increasing rates of AT in 
Melbourne, Australia (65 HALYs gained per year given a 5% increase in AT commuting 
(95% UI 48-85), AUD767K in healthcare cost savings per year (95% UI AUD559K-
AUD982K)(Paper 2)).  These estimates may under-report the potential obesity-related 
impact of AT, given that the effect estimate was derived from active commuting data 
and the longitudinal study design did not specifically account for time to effect for the 
behavioural change (84).  This finding should however be interpreted keeping in mind 
the assumptions around causation, generalisability and transferability.  Given the 
current body of evidence, it is also plausible that they over-estimate. 
 
Scenario analyses of achieving AT policy goals (Paper 3) highlight the potential impact 
and scope for AT in improving health and reducing the obesity-related healthcare 
burden in Australia.  Modelled estimates of BMI effect were used to conduct four 
hypothetical scenario analyses of uptake in AT for the Australian population.  These 
BMI effects, modelled using logic pathways, the best available evidence for duration 
and distance and validated methods for conversion to BMI effect (250, 251), highlight 
the potential for even greater obesity effect of regular AT behaviours than estimates 
from recently published primary studies (Table 12).  Average effects for bicycle 
commuting were estimated to be greater (average effect of approximately 2.2kg/m2 
in males, 1.9kg/m2 in females) than pedestrian commuting (average effect of 1.5kg/m2 
in males, 1.7kg/m2 in females).  Whilst these estimates are uncertain and of a higher 
magnitude of effect than those from much of the literature (Paper 2), they are 
notionally supported by results from studies such as Flint & Cummins (297) and the 
Australian study by Rissel et al. (298)(Table 12).   
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Results of the four scenario analyses using these modelled BMI estimates, and 
considering BMI and transport-related injury effects, ranged from 565 HALYS saved 
per year (95% UI 173-985) to 12,105 HALYs saved per year (95% UI 4,970-19,707).  
Estimates of healthcare cost savings ranged from AUD6.6M per year (95% UI 1.9M-
11.3M) to AUD141.2M per year (95% UI 53.8M-227.8M)(Paper 3).  Whilst relatively 
uncertain, these estimates further highlight the importance of better understanding 
both the effect of transport modal choice on obesity, and the obesity-related costs 
and consequences of transport decisions.   
 
Deitz & Gortmaker (247) posit that when the effect size of an intervention on weight 
or BMI is known, selection of the most appropriate intervention can be based on the 
effect size and population reach of the intervention.  The findings of this thesis provide 
more evidence on both the potential reach and the potential effect size of AT 
interventions.  Generally, relatively modest population level reaches have been used 
in modelling.  For instance, the fuel excise taxation intervention scenarios resulted in 
a mean increase in AT of 0.04% of the population (Paper 6) and the doubling of rates 
of walking and cycling equated to an increase in AT of approximately 2.62% and 0.68% 
respectively (Paper 3).  Achieving policy goals of 30% of capital city commuting trips 
by AT (Paper 3) obviously requires much wider population reach.  This represents a 
significant challenge, particularly given the low prevalence of AT in Australia to date.  
The magnitude of potential obesity-related health benefits and healthcare cost 
savings underscores the “value for money” in rising to this challenge, and investing in 
environments and cultures that are more supportive of AT.   
 
Given the potential for AT interventions as obesity prevention measures, the next step 
from a population health perspective will be the design, implementation and 
evaluation of interventions that improve rates of walking and cycling.  Evidence from 
the scoping review of Australian AT policy demonstrates the growing recognition of 
the wider benefits of more physically active transportation environments across 
federal, state and territory and local governments (Paper 3).  Policy statements or 
documents were identified at the national and all state and territory levels, with 37% 
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of Australian local governments also having a visible online AT focus.  Knowledge 
around the most effective, cost-effective and implementable ways to improve rates of 
AT is however limited.   
 
This thesis attempts to contribute to the knowledge base on specific interventions that 
might have a practical, measurable effect on improving rates of AT as part of a priority-
setting exercise.  Results demonstrate that the evidence for the wider health effects 
of specific transport interventions is very limited.  It is not unexpected that many 
studies do not collect data on what have been considered until relatively recently as 
secondary outcomes of transport interventions.  Given the relatively inconclusive 
evidence for many health-related benefits of AT, it is a logical progression that there 
is also relatively limited evidence on the effectiveness of specific transport 
interventions when considering these health-related costs and consequences.  This is 
especially the case given the well-recognised challenges in collecting evidence of 
effectiveness for environmental or policy-type interventions.  What is most surprising 
however is the extent to which the evidence base is so limited.  This means that 
establishing the economic credentials of AT interventions for obesity prevention is 
incredibly challenging, even though the interventions identified are very policy 
relevant. 
 
Findings from the systematic review of economic evaluation of AT interventions 
(Paper 1) highlight the methodological challenges of incorporating obesity and PA-
related health consequences into transport appraisal given the relative lack of 
evidence of effect.  Overall the quality of evidence of effectiveness used in the 
included economic evaluations was considered weak by epidemiological standards.  
Methods for measuring effectiveness of interventions varied from study to study, 
including the use of estimates from the literature, survey data and simulation 
modelling.   Significant scope exists to improve the rigour of effectiveness analyses.  
The incorporation of rigorous and comprehensive evaluation programs prior to 
intervention implementation would greatly assist in strengthening the evidence base.  
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Findings from the scoping papers on practical, implementable and incremental 
interventions that might encourage AT further demonstrate that limited evidence for 
obesity or transport-related PA outcomes exists to inform economic evaluation 
(Papers 4, 5, 6).  The scoping review on congestion pricing (Paper 4) identified no 
studies reporting associations between congestion pricing schemes and obesity.  
Twelve studies were, however, identified examining PA or modal shift effects of 
implemented congestion pricing schemes worldwide (that is, considering the 
implementation of the schemes as natural experiments).  The quality of the evidence 
identified was again considered to be low by epidemiological standards, with a mean 
quality assessment score of 7.6 out of a possible score of 15 (range 4 to 11). 
 
Inconclusive evidence also currently exists for an association between traffic calming 
or safety and obesity or PA-related effects (Paper 5).  The systematic search of the 
literature identified 71 relevant studies (12 studies reporting associations with 
obesity, 59 reporting associations with AT), highlighting the relative recognition of the 
importance of safe transport environments in encouraging rates of AT. Despite a 
feasible logic pathway via both real and perceived improvements in safety, only 25% 
of identified studies reported associations in the expected direction with obesity and 
16% of identified studies reported associations with transport-related PA or AT.  The 
evidence for association between fuel excise taxation or price and obesity or PA-
related effects is also very limited (Paper 6).  Only three studies were identified 
examining obesity effects, with nine studies exploring associations with transport-
related PA or AT.  The relative lack of evidence means that results from the economic 
modelling of the fuel excise taxation intervention should be considered as exploratory 
estimates of the potential obesity-related health and economic credentials of a 
change in policy in Australia, rather than more definitive values.  
 
5.3.2 RQ2: Cost-effectiveness of transport interventions as obesity 
prevention measures 
Findings from the systematic review of economic evaluations of AT interventions that 
incorporate PA-related health benefits demonstrate the potential value of improving 
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rates of AT from an economic standpoint (Paper 1).  Thirty-six studies involving a full 
economic evaluation (CEA, CUA or CBA) of an intervention that improved rates of AT 
and considering health benefits related to PA were identified from a search of the 
academic and “grey” literature.  Findings from the review suggested that interventions 
could be cost-effective when considering PA-related costs and consequences, with 
some interventions considerably cost-saving.  Twenty-six of the 32 included CBAs 
reported benefits greater than costs, indicating good value for money based on their 
underlying assumptions (115, 268-271, 305-325).  Three of the five studies 
undertaking CEA reported results under commonly used cost-effectiveness thresholds 
(306, 326, 327).  Findings of the systematic review demonstrate that more routine 
inclusion of PA-related health benefits in transport priority-setting may lead to funding 
of more AT interventions based on their economic credentials, with the potential to 
positively improve obesogenic environments.   
 
Only four studies were identified during the systematic review process that included 
healthcare costs and consequences specifically related to obesity, rather than related 
to broader PA-related health outcomes (310, 328-330)(Paper 1).  Given the relative 
uncertainty around the potential for obesity-related effects of AT behaviours and 
interventions (Papers 1-6), interventions that are relatively low cost may be more 
likely to be cost-effective from an obesity prevention perspective.  This may 
reasonably be considered the case until such time as more rigorous evidence of 
obesity-related effect and population reach of AT interventions is available.   
 
The economic evaluation of the fuel excise taxation intervention demonstrates the 
potential for transport interventions that incorporate obesity, transport injury and PA-
related health benefits to assist in policy-making and priority setting from an “all-of-
government” approach (Paper 6).  Given the relative lack of evidence, the fuel excise 
taxation was modelled using conservative estimates of cross-price elasticity of 
demand for public transport with respect to fuel price.  Sensitivity analyses were 
performed and a “plausible case” scenario was also estimated, using higher but still 
feasible input parameters.  Whilst economic evaluation results can therefore only be 
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considered as exploratory, the intervention was considered cost-effective from a 
limited societal perspective using conservative input parameters (mean ICER 
AUD7,702 saved per HALY (95% UI AUD1,366-AUD22,125), 237 HALYs gained over the 
lifetime (95% UI 138-351), over AUD2.5M in healthcare cost savings over the lifetime 
(95% UI AUD1.3M-AUD3.9M)).  Significant sensitivity analyses demonstrated that less 
conservative inputs resulted in the intervention being considered dominant (that is, 
both cost-saving and of benefit to health).   
 
Results demonstrate that from a wider public health perspective, and when 
considering PA-related health benefits and not just change in obesity-specific 
incidence of diseases, interventions that improve rates of AT have significant potential 
to be both effective and cost-effective.  When considering these wider health benefits 
this may still be possible even if population reach is relatively low, although again 
uncertainty around input parameters means that more evidence is required.  Analysis 
of second stage filters identified potential equity and acceptability issues that would 
need to be addressed for such a fuel excise taxation intervention to be successful.  This 
could be achieved through redirection of taxation revenues to improving AT 
accessibility, particularly for low income groups. 
 
Estimates of budget thresholds to achieve hypothetical AT policy goals provide further 
evidence of the feasibility of government spending to improve rates of AT (Paper 3).  
Whilst the paper does not result in cost-effectiveness estimates of specific 
interventions, the information is useful to policy-makers and those responsible for 
priority-setting in the transport, health and environmental fields.  Potential spending 
thresholds in order to achieve cost-effectiveness vary between scenarios, falling 
within the range of AUD34.9M (95% UI AUD20M-AUD51.2M) to AUD746.5M (95% UI 
AUD476M-AUD1B) to achieve the modelled uptake in AT and when including BMI and 
transport injury-related effects.  This equates to an approximate spend per new active 
traveler of up to AUD335 for doubling rates of cycling (scenario 1, 95% UI AUD192-
AUD492), AUD203 for doubling rates of walking (scenario 2, 95% UI AUD135-AUD279), 
AUD433 for achieving 30% of cycling commuting trips in capital cities (scenario 3, 95% 
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UI AUD277-AUD603) and AUD335 for achieving 30% of walking commuting trips in 
capital cities (scenario 4, 95% UI AUD220-AUD447) in order to achieve the commonly 
accepted AUD50,000 cost-effectiveness threshold.  
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Table 13: Overview of research questions and brief summary of answer 
Research question Brief summary answer to research question 
RQ1 What is the role and potential impact of transport interventions in obesity 
prevention? 
Evidence for an obesity effect of transport interventions is currently limited.  
Obesity is a more distal outcome than PA, and the wider health impact of 
transport policy is a relatively new field.  The emerging evidence base 
demonstrates that AT may play an important role in obesity prevention for 
populations.  Whilst the impact of AT may be relatively small at the individual 
level, across populations the impact may be significant.  AT interventions may 
play an important role in broader policy changes to improve obesogenic 
environments.  More evidence is required on the potential effect and population 
reach of AT for obesity prevention. 
RQ1.1: What evidence exists in the literature on the impact of transport modal 
choice on obesity?  And if the best available evidence is applied to the 
Melbourne population, what is the potential health impact (in terms of health 
adjusted life years (HALYs)) of a hypothetical increase in AT? 
 
 
(Paper 2) 
Published literature on associations between transport modal choice and obesity 
is currently inconclusive  (29% of published studies reported expected 
associations, 33% reported mixed associations, 36% reported no association or no 
significant association at the 5% level).  Any potential effect is likely to be relatively 
small, with the majority of studies reporting statistically significant regression 
coefficients reporting an effect of <1 BMI point associated with the relevant 
transport behaviour.  Hypothetical scenario modelling using best available 
evidence from the literature suggests that a 5% increase in active commuting in 
Melbourne, Australia would result in 65 HALYs saved per year (95% UI 48-85).  This 
equates to AUD766,651 in healthcare costs saved per year (95% UI AUD559K-
AUD982K). 
RQ1.2: What is the current state of AT policy in Australia?   
 
 
(Paper 3) 
There is broad recognition of the health-related benefits of AT from all levels of 
Australian government.  Nine policy statements or documents were identified 
nationally, and all Australian state and territory governments have endorsed some 
form of AT policy or position statement.  Policies were also identified at the local 
government level.  The most commonly cited policy responses to improving rates 
of AT included provision of supportive infrastructure (referred to in 90% of the 
policy documents examined) and planning responses (referred to in 81% of the 
policy documents examined).  Policy responses around health promotion were 
recommended in 62% of included documents, with 38% explicitly recognising the 
importance of monitoring of AT behaviours. 
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RQ1.3: What is the potential obesity and transport injury-related health benefit 
of achieving policy goals? 
 
 
(Paper 3) 
Health benefits and healthcare cost savings would be achieved from doubling 
rates of cycling (565 HALYs saved assuming a one year effect (95% UI 173-985) 
and AUD6.6M in healthcare cost savings (95% UI AUD1.9M-AUD11.3M)) or 
walking (1,187 HALYs saved assuming a one year effect (95% UI 523-1,893) and 
AUD14M in healthcare cost savings (95% UI AUD6M-AUD22.4M). 
 
Significant health benefits and healthcare cost savings would be achieved by 
increasing cycling commuting trips in capital cities to 30% of all trips (12,105 HALYs 
saved assuming a one year effect (95% UI 4,970-19,707) and AUD141.2M in 
healthcare cost savings (95% UI AUD53.8M-AUD227.8M)).  Significant health 
benefits and healthcare cost savings would be achieved by increase walking 
commuting trips in capital cities to 30% of all trips (9,003 HALYs saved assuming a 
one year effect (95% UI 4,035-13,962) and AUD105.9M in healthcare cost savings 
(95% UI AUD46M-AUD164.7M). 
RQ1.4: What is the potential role and impact of congestion pricing interventions 
on obesity prevention? 
 
 
(Paper 4) 
While congestion pricing schemes are politically relevant policies, they are 
currently underexplored.  Scoping review results suggest that the evidence for the 
potential PA-related effects of congestion pricing schemes implemented in 
London, Milan, Singapore, Stockholm and Gothenburg using a broad definition of 
evidence – evidence gathered from opportunities for natural experiment – is 
weak.  The quality of the evidence currently available is also relatively low (mean 
quality score of 7.6 out of a possible score of 15).  This is not to say that such an 
intervention might not result in an increase in PA or a decrease in weight.  Rather, 
the study highlights the need for more research into better understanding the 
wide range of benefits and disbenefits that may arise from transportation policies 
and programs.  The lack of evidence of obesity or PA effect meant that the 
intervention did not progress to CEA at this time. 
RQ1.5: What is the potential role and impact of traffic calming and safety 
interventions on obesity prevention? 
 
 
(Paper 5) 
Scoping review of associations between traffic calming and safety and obesity 
identified 12 studies using mostly cross-sectional study designs (67% cross-
sectional, 25% longitudinal, 8% mixed design).  Twenty-five percent of studies 
reported associations with obesity in the expected direction, with 25% reporting 
mixed associations and 50% of studies reporting non-significant associations.  
Study quality was fair, with a mean quality assessment score of 7.4 out of a 
possible score of 11 (range 5 to 10). 
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More studies were identified reporting associations between traffic calming and 
safety and transport-related PA or AT (n=59).  Ninety-five percent of studies used 
cross-sectional study designs.  Mean quality assessment score was 5.8 out of a 
possible score of 11 (range 2 to 8).  Only 16% of identified studies reported 
associations in the expected direction, with 42% reporting mixed associations and 
42% reporting non-significant associations. 
 
The evidence for an obesity effect of traffic calming or safety interventions is 
currently inconclusive.  The lack of evidence of effect meant that the intervention 
did not progress to CEA at this time.  This is not to say that traffic calming and 
safety may not play a role in encouraging more AT and improving obesogenic 
environments.  Rather, a better understanding of the health-related benefits of 
specific AT interventions is required. 
RQ1.6: What is the potential role and impact of a fuel excise intervention on 
obesity prevention? 
 
 
(Paper 6) 
Limited evidence currently exists in the peer-reviewed literature on the impact of 
fuel price or taxation on obesity, AT or transport-related PA.  Only three studies 
were identified reporting associations between fuel price and taxation and 
obesity, whilst nine studies report associations specifically with transport-related 
PA, walking or cycling.  Estimates of the cross-price elasticity of demand for public 
transport with respect to fuel price vary, with limited consensus within the 
literature on a probable estimate for the Australian context. 
 
RQ2 Can transport interventions be considered cost-effective as obesity prevention 
measures? 
Findings from the systematic review suggest that AT interventions can be 
considered cost-effective when incorporating the wider health benefits related to 
PA into economic evaluation.  Some interventions were considerably cost-saving, 
under their base assumptions.   
 
Under base assumptions, a fuel excise taxation intervention would be cost-
effective when incorporating BMI, PA and transport injury-related costs and 
consequences.  The scope for cost-effectiveness improves using less conservative 
input parameters, however potential equity issues were identified. 
RQ2.1: What evidence exists in the literature on the cost-effectiveness of active 
transport interventions incorporating PA-related health benefits?   
 
36 published economic evaluations of AT interventions incorporating PA effect 
were identified within the academic and grey literature.  Results suggest that AT 
interventions can be considerably cost-effective when incorporating PA-related 
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(Paper 1) 
health benefits.  Twenty six of the 32 CBA studies (81%) reported benefits greater 
than costs (i.e. were cost saving) under the relevant study assumptions.  Three of 
the 5 included CEA studies (60%) were considered cost-effective under the 
relevant study assumptions. 
RQ2.2: What are the budget thresholds for cost-effective interventions that 
achieve Australian AT policy goals, when incorporating obesity and transport 
injury-related costs and consequences? 
 
 
(Paper 3) 
Budget thresholds range per policy scenario, with a range from AUD34.9M for 
doubling rates of cycling (scenario 1, 95% UI AUD20M-AUD51.2M) to AUD746.5M 
for achieving 30% of cycling commuting trips (scenario 3, 95% UI AUD476M-
AUD1B).  If we relate these budget thresholds to the required number of people 
taking up AT in order to achieve each policy goal, this would equate to an 
approximate spend per new active traveler of up to AUD335 for doubling rates of 
cycling (scenario 1, 95% UI AUD192-AUD492), AUD203 for doubling rates of 
walking (scenario 2, 95% UI AUD135-AUD279), AUD433 for achieving 30% of 
cycling commuting trips (scenario 3, 95% UI AUD277-AUD603) and AUD335 for 
achieving 30% of walking commuting trips (scenario 4, 95% UI AUD220-AUD447) 
in order to achieve the AUD50,000 cost-effectiveness threshold.   
RQ2.3: Is an AUD0.10 fuel excise intervention cost-effective as an obesity 
prevention measure, from a limited societal perspective and compared to a 
“business as usual” comparator? 
 
(Paper 6) 
Exploratory analyses suggest that an AUD0.10 increase in fuel excise taxation 
would be considered cost-effective using the commonly agreed threshold of 
AUD50,000 per HALY.  When considering BMI, PA and injury-related effects 
estimates range from 237 HALYs (95% UI 138-351) to 3,882 HALYS (95% UI 2,233-
5,714) saved over the lifetime, dependent on assumptions used.  Total healthcare 
cost savings range from AUD2.6M (95% UI AUD1.3M-AUD3.9M) to AUD42M (95% 
UI AUD20.7M-AUD63.9M) over the lifetime, dependent on assumptions used.  
When considering BMI, PA and injury-related effects the ICER was estimated at 
AUD7,702 saved per HALY (95% UI AUD1,366-AUD22,125, probability of being 
cost-effective 99.7%).  Under all of the sensitivity analysis and “plausible case” 
assumptions the intervention was dominant (cost-saving). 
Table notes: AUD: Australian dollars.  AT: active transport.  BMI: body mass index.  CBA: cost-benefit analysis.  CEA: cost-effectiveness analysis.  HALY: health adjusted life 
year.  PA: physical activity.  UI: uncertainty interval.
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5.4 Significance and implications 
This PhD thesis represents a set of interlinked studies providing an in-depth examination of the role, 
impact and cost-effectiveness of AT for obesity prevention.  Not only does the body of work highlight 
the potential obesity, PA and transport injury-related consequences of improving rates of AT in 
Australia, it also provides qualitative and quantitative assessments of the potential effectiveness and 
cost-effectiveness of specific AT interventions.  Results demonstrate that even relatively small 
individual level obesity effects, as notionally supported by logic pathways and the literature, may 
have significant and beneficial consequences for the Australian population.  This provides policy 
relevant information to decision-makers, whereby the potential health-related value of more 
walking and cycling is summarised and quantified using a standardised, well-validated methodology.  
This also provides more practical information on the potential impact of specific interventions, which 
is useful information at the individual policy level or as components of broader, systemic change.   
 
The collective findings of the six papers that constitute this thesis demonstrate that AT interventions 
may contribute to improving obesogenic environments, by way of incorporating more incidental PA 
into our daily lives.  The research also however highlights the challenges and current research gaps 
that exist in our understanding of the ways in which AT could contribute to reducing the obesity 
burden across populations.  The challenges presented in evaluating these largely policy and 
environmental-type interventions mean that it is more common to see papers calling for research 
to be undertaken, than to see papers evaluating and reporting it (331).  This thesis does a little of 
both.  The research identifies and where possible quantifies the potential population health impacts 
of improving rates of AT in Australia, from an obesity prevention perspective.  It then examines the 
potential effectiveness and cost-effectiveness of some of the incremental interventions that may be 
put into place to achieve more physically active transportation environments.   
 
From an epidemiological perspective the broader findings of this study merely indicate the potential 
impact that improving rates of AT may have on obesity (4), given the current state of the evidence.  
Recent findings from Guell et al. (4) however, suggest a higher degree of comfort in “experienced-
based” evidence from stakeholders working within the transport sector than stakeholders working 
within the health sector.  Given the complexities in collecting “gold standard” evidence for complex 
policy and environmental-type interventions, it is important that incremental improvements in 
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knowledge in this area using best available evidence are considered. The factors that influence 
behaviour rarely follow a simple linear causal chain in which a single determinant is directly 
associated with an outcome, and so novel approaches to better understand complex systems are 
now required (332).  The use of secondary data to try and begin to answer some of these questions 
obviously demonstrates that more research is required into the obesity effects of improving rates of 
walking and cycling at the population level.  In order for a paradigm shift to occur from consideration 
of these wider health benefits as secondary outcomes of transport interventions towards routine 
consideration as primary outcomes, it is important that further research is conducted to “fill in the 
gaps” identified. 
 
Clearly AT interventions alone will not solve the problem of obesity.  This in itself is not new 
knowledge.  It is well-recognised that no one sector or solution is likely to be capable of addressing 
the issue of obesity (2, 333) and a diverse approach that incorporates system-wide actors and 
synergies between sectors, governments, communities and individuals across all levels will be 
required (6, 333).  The transport-related component of the Foresight obesity map (32)(Figure 1) only 
represents one small part of the complexity of the problem of obesity.  Whilst complex, multi-
sectoral, multi-component interventions are required, this research suggests that the potential 
effectiveness and cost-effectiveness of specific, policy-relevant interventions must also be better 
understood in order to warrant incremental change.  Given the different actors necessary for 
effecting change (for instance, the different levels of Government within Australia), information on 
policy relevant, meso and micro-level intervention is useful, both in itself and for its contribution to 
the evidence base for more complex interventions.   
 
Whilst the role, impact and cost-effectiveness of AT interventions for obesity prevention is a 
promising area, with the potential for important health benefits and healthcare cost savings as 
quantified within this research, clearly there is much scope for future work.  The full significance of 
this research will be realised when these findings are compared with the wider findings of Stream 1 
of the CRE in Obesity Policy and Food Systems (beyond the timeline of my PhD candidature).  
Evidence suggests that health-based arguments carry weight with decision-makers, and that 
economic evaluation of AT interventions incorporating wider health benefits would be of use to the 
priority-setting process (4).  By comparing findings across the non-health sectors identified by the 
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CRE as potentially important, valuable information for obesity prevention priority-setting will be 
gained.  This information will provide some of the first multi-sectoral evidence for the effectiveness 
and cost-effectiveness of non-health sector interventions for obesity prevention.  
 
Thesis findings demonstrate the complexity of using normative economic theory to better 
understand and inform health-related costs and consequences of non-health sector policies for 
obesity prevention.  The ACE methodology incorporates the decision making school, whereby other 
factors are considered alongside the results of economic evaluation.  Whilst the role for multi-
faceted preventative interventions is well-recognised (6), the challenge is now to advance the 
knowledge on the wider health impacts of intervention in each of these potentially influential non-
health sectors.  This will allow for society’s scarce resources to be directed towards the most 
effective and cost-effective obesity prevention strategies from a population perspective.  A better 
understanding of the economics of obesity policy is not without its challenges (334).  From an 
economic perspective, the challenge is in achieving policies and environments in which less 
obesogenic PA and dietary behavioural choices are also the choices that maximise utility.  However, 
with more and better quality evidence it may be possible to use the economic theories of 
opportunity cost and utility maximisation to improve the health of populations through multi-
sectoral, multi-dimensional policy and environmental changes. 
 
5.5 Study strengths and limitations and directions for future research 
This section gives an overview of the strengths and limitations of the thesis as a whole, with 
individual study strengths and limitations discussed within each relevant paper.  Areas for future 
research are also discussed.  The main strength of the thesis is the use of a rigorous, well-validated 
methodology for priority-setting, the ACE approach.  Whilst an in-depth analysis of the ACE 
methodology was out of scope, study findings suggest the potential for relevance and use of the ACE 
approach in non-health sectors.  The standardised framework and use of large, well-validated 
datasets to inform the CRE Obesity Model are particular strengths.  As the thesis is part of the CRE 
in Obesity Policy and Food Systems, another major strength of the thesis is its collaborative nature.  
Opportunity for peer and stakeholder input and feedback is also invaluable. 
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That being said, the use of the ACE methodology is not without its challenges, particularly when 
applied to non-health sector interventions.  The lack of rigorous and reliable data to inform the 
“front-end” modelling of interventions remains a significant challenge, and is also one shared with 
CRE colleagues investigating other non-health sectors.  Given that a “health in all sectors” approach 
to decision-making is a relatively recent phenomenon, it is not altogether unexpected that the level 
of information required to populate the economic model for AT interventions is not yet rigorously 
collected in many instances.  The strength of using the ACE approach for these types of interventions 
therefore lies in advancing the field of knowledge, and attempting to use the methodology to make 
incremental improvements from health impact modelling to full economic evaluation weighing up 
both costs and consequences.   
 
Much of the analysis undertaken within this thesis consists of hypothetical and scenario analysis, 
using best available evidence to inform estimates of potential costs and consequences.  The use of 
budget thresholds presents a less traditional way of using the ACE methodology that is perhaps more 
suited to data constrained environments, whilst still making a significant contribution to the 
understanding of how our non-health sector environments may contribute to problems such as 
obesity.  Other challenges related to the use of the ACE approach were more administrative in 
nature.  For instance, the scope for comparison of transport sector findings with other non-health 
sector interventions within the work schedule of the thesis was limited due to the CRE timeline.  
Another limitation due to the necessary narrowing of scope for the thesis is that “packages” of 
interventions, which may better reflect the systemic approaches to obesity prevention required at 
the environmental or policy level, are also not examined.  Future investigation into these areas will 
be undertaken post PhD completion.  
 
Given that AT policies within the transport sector are likely to have impacts beyond obesity, a 
strength of the thesis is the incorporation of PA and transport injury-related effects as the body of 
work progressed.  Data limitations required some approximations of risk of serious injury and 
analysis at the road type level was not possible, although evidence suggests that injury risk changes 
across local or minor roads, arterial or major roads and highways (276).  More complete datasets 
would have allowed for more precision in estimates, however these data are not freely available at 
this time in Australia.  Reliable data on minor injuries (those not requiring hospitalisation) is also not 
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available.  This likely leads to an underestimation of injury risk, and is an area for future research.  
Our inclusion of injury costs also only includes healthcare expenditures related to acute care 
episodes, although recent evidence suggests that the after-care costs of traffic injuries may be high 
and should be considered in priority-setting exercises (335).  This is also an area for future 
investigation.  Given the scope of work for the PhD, other health impacts (for instance, health 
impacts related to emissions) were also not considered and significant future scope for this work 
exists.   
 
The research was obviously limited by the availability of data for use in health impact and cost-
effectiveness modelling.  The results of modelling studies are only as reliable as their inputs (336), 
and therefore analyses have been framed as scoping reviews and scenario analyses due to the state 
of the evidence at this time.   The current body of evidence is dominated by cross-sectional studies, 
meaning that causation is difficult to establish.  This research demonstrates the emerging evidence 
base arising from longitudinal studies, such as those studies conducted by Martin et al. (186) or Flint 
et al. (288).  From an obesity prevention perspective, more research, with study timeframes long 
enough to take into account potential lag times to BMI effect are required.  Even then, longitudinal 
studies still face challenges in terms of bias and causality and careful interpretation of results is 
required.  Limited evidence also exists on sustainability of effect over the longer term, and these are 
two significant areas for future research to inform economic modelling. 
 
From an obesity prevention perspective it will be important that future studies collect information 
on body weight and potentially confounding factors.  Obesity effect is more distal than PA effect, 
and research findings demonstrate that relatively few studies in this field include obesity-specific 
variables into data collection and analysis. Data on PA behaviours are not comprehensively collected 
in Australia, particularly across the different domains of PA and taking into account factors such as 
substitution effects.  Data on transport behaviours are also chronically under-collected, although the 
analysis of Australian AT policies highlights the emerging recognition of the importance of better 
monitoring.  The health benefits of walking vs cycling also differ, and so it is important that this is 
taken into account within monitoring and evaluation protocols. More data on potentially important 
confounders are also required.  For instance, research findings suggest that relatively few recently 
published studies examining associations between AT behaviours and obesity adjusted for diet.   
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Evidence suggests potential equity impacts of transport systems and environments (187).  Therefore 
interventions that influence modal choice may have significant equity effects.  The scope of this 
thesis did not allow for consideration of effects across special groups, however this is an important 
area for future research.  Scope also exists for inclusion of other non-health and health-related costs 
and benefits to be considered in modelling of AT interventions as the evidence base for effects grow.  
For instance, the emerging associations between cycle commuting and lower sickness absence found 
in the study by Mytton et al.  (337) may have important productivity consequences.  As mentioned 
previously, the inclusion of effects on emissions was out of scope for this thesis, but is also an area 
for future work.  This could include both health-related effects and non health-related (i.e. 
environmental) effects of a change in exposure to emissions from motorised vehicles. 
 
Figure 9 graphically represents the complexity of gaining better knowledge into the ways in which 
transport behaviours might impact on population health and the areas in which more evidence is 
required.  Significant scope exists for collecting and synthesising this evidence to better inform 
transport policy from a wider health perspective, and more specifically from an obesity prevention 
perspective.  More evidence of effect will lead to better informed and more precise estimates of 
cost-effectiveness for obesity prevention.  Research translation is then needed, through policy-
relevant research that is disseminated to policy-makers and then advocated for (338).  Knowledge 
exchange is a vital component of a coordinated approach to obesity prevention, and will require 
partnerships, organisational relationships and networks to be established and maintained across 
sectors and organisational levels in both the public and private arenas (6).  Clearly, significant further 
challenges exist in better understanding the effectiveness and cost-effectiveness of population level 
interventions that are also influenced by a myriad of contextual factors.  This understanding is 
required if any form of meaningful generalisability or transferability is to be achieved. 
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Figure 9: Schematic for a better understanding of wider health-related impacts of AT interventions 
 
 
 
5.6 Conclusion 
The findings of this thesis contribute towards a better understanding of the potential role, impact 
and cost-effectiveness of transport interventions from an obesity prevention perspective.  Whilst 
evidence of an association between transport behaviours and obesity is currently inconclusive, the 
uncertain but potentially significant opportunity for health benefits warrants the collection of more 
and better evidence.  More evidence for the wider health effects of specific, incremental 
interventions that might improve Australia’s relatively low rates of AT is also required, and the 
economic credentials of such interventions should then be evaluated.  This is important, policy-
relevant information that should be considered in the priority-setting process from a “health in all 
policies” approach.  This information also provides important knowledge towards the broader, more 
systemic changes likely required in order to improve our obesogenic environments. 
 
Whilst lack of rigorous evidence remains a significant challenge to be overcome, the collective 
findings of the six publications that make up this thesis suggest the potential obesity, PA and 
transport injury-related costs and consequences of improving rates of AT in Australia.  Evidence from 
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the literature and the economic evaluation of the fuel excise taxation intervention suggests that AT 
interventions can be considered cost-effective when taking into account PA and obesity-related 
costs and consequences.  The more routine inclusion of these impacts into transport appraisal may 
therefore contribute to a more efficient allocation of scarce resources, based on a more 
comprehensive range of merits.  This may have significant population health benefits, as priority-
setting taking into account these obesity-related effects may lead to an allocation of resources that 
improves the health of populations. 
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Appendix 1- Systematic reviews and key studies of effectiveness of active transport interventions  
Study Study aim Interventions Results Limitations 
Arnott et al. 
2014 (192) 
To systematically 
review and meta-
analyse evidence for 
the effects of 
behavioural 
interventions to reduce 
care use. 
(n=15) 
14 individual or community-level 
behavioural interventions. 
1 behavioural and structural 
interventions   
Behavioural interventions were defined 
as those which targeted a change in 
behaviour.  Structural interventions 
were defined as those which targeted a 
change in environment. 
 
There is no evidence for the efficacy of 
existing behavioural interventions to 
reduce car trips examined in this review.  
There is inconclusive evidence for 
improvements in other outcomes (for 
instance, journey distance or time). 
It is not possible to draw conclusions on the 
effectiveness of structural interventions from 
this review, as only one included study 
examined these associations. 
Bird et al. 
2013 (193) 
To systematically 
review the behaviour 
change techniques used 
to promote AT in 
individually targeted 
interventions (n=46). 
 
 
17% of the included interventions 
assessed walking or cycling for transport 
purposes. 
Some evidence suggests that behavioural 
change techniques may improve AT rates. 
 
 
Transparency of reporting varied between 
studies. Interventions were heterogeneous and 
so meta-analysis not possible.   
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Study Study aim Interventions Results Limitations 
Chillon et 
al. 2011 
(191) 
To systematically 
review AT to school 
interventions (n=14). 
AT to school interventions, 
predominantly in primary school aged 
children. 
Six of the 14 reported AT to school studies 
reported a small impact on active 
transportation participation (0.2<cohen’s 
d<0.49)(191)).  Two reported a large effect 
0.8<cohen’s d<1.3) and one reported a 
very large effect (cohen’s d >1.3). 
Interventions were heterogeneous and so 
meta-analysis not possible.  Overall quality of 
included studies deemed low, mostly due to: 
study design, non-reporting of statistical 
significance, reliability of data collection 
methods. 
Elvik & 
Ramjerdi 
2014 (339) 
To review the 
effectiveness of 
economic policy 
instruments in 
promoting 
environmentally 
sustainable transport. 
 
Price of motor fuel 
Congestion charges 
Toll schemes 
Reward schemes 
 
All four policy options were effective in 
promoting environmentally sustainable 
transport.  All have negative price 
elasticities.  Fuel prices more likely to have 
population effects, congestion charges 
and toll schemes more likely to have local 
effects. 
Promoting environmentally sustainable 
transport was defined as measures that 
constrain volume and reduce congestion or 
speed – not necessarily improve AT. 
Faulkner et 
al. 2011 
(340) 
To synthesise existing 
evidence on the impact 
of economic policies 
targeting obesity and its 
causal behaviours (diet 
and physical activity).  
Review (n=38) and 
Delphi panel. 
 
Taxes 
Subsidies 
Income transfers 
Delphi survey of experts found 
inconclusive evidence on the effects of 
economic policies on physical activity, 
however highlighted petrol taxes as a 
possible avenue for more research. 
Limited evidence exists, based on Delphi 
method which has limitations. 
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Study Study aim Interventions Results Limitations 
Graham-
Rowe et al. 
2011 (341) 
To critically review 
whether interventions 
designed to reduce car 
travel are effective 
(n=77 intervention 
evaluations).   
Includes a wide range of communicative, 
legal, physical and economic 
interventions 
Evidence of effectiveness for interventions 
to reduce driving is weak.  Only 12 
methodologically strong studies were 
identified.  Evidence suggests economic 
incentives may prove effective, however 
the long term effect may diminish if the 
incentive/disincentive is removed. 
Interventions were heterogeneous and so 
meta-analysis not possible.  Overall quality of 
included studies deemed low, mostly due to: 
study design, possibility of confounding. 
 
Giles-Corti 
et al. 2016 
(197) 
To identify 8 integrated 
regional and local 
interventions that, 
when combined, may 
encourage walking, 
cycling and use of PT. 
Destination accessibility 
Distribution of employment 
Demand management 
Design 
Density 
Distance to PT 
Diversity 
Desirability 
The paper calls for comprehensive and 
combined mplementation of these 
interventions, in order to increase rates of 
AT and create healthier, more sustainable 
environments. 
Research synthesis based on findings from 
mostly cross-sectional studies.  Based on a 
narrative review of the literature, rather than a 
systematic review. 
Heath et al. 
2006 (342) 
To assess the 
effectiveness of 
community scale urban 
design measures, street 
scale urban design 
measures and 
transportation policies 
and practices (n=19). 
 
12 community scale urban design 
measures (e.g. pedestrian friendly 
design) 
6 street scale urban design measures 
(e.g. bicycle lanes) 
1 AT to school program 
Insufficient evidence exists to assess 
transport policies and practices to 
promote PA.  Community and street scale 
urban design and land use policies and 
practices are effective in promoting PA. 
Overall quality of included studies deemed low, 
mostly due to: study design, possibility of 
confounding. 
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Study Study aim Interventions Results Limitations 
Mayne et 
al. 2015 
(343) 
To evaluate the efficacy 
of policy and built 
environment changes 
on obesity-related 
outcomes (BMI, diet 
and PA)(n=37). 
12 AT infrastructure interventions 10 included papers reported associations 
in the expected direction with BMI or PA. 
Many of the included studies examined 
associations between process outcomes, and 
not obesity specifically. 
Moser & 
Bamberg 
2008 
To analyse the 
effectiveness of “soft” 
transport policy 
measures in reducing 
car use (n=141). 
 
72 travel planning, awareness or 
marketing interventions 
44 workplace interventions. 
25 AST interventions 
“Soft” transport interventions result in a 
statistically significant random effects 
pooled effect size of 0.15, indicating that 
such measures may have a small effect. 
Overall quality of included studies deemed low, 
mostly due to study design, non-reporting of 
statistical significance. 
Mozaffarian 
et al. 2012 
(286) 
To systematically 
review the evidence for 
population 
interventions that 
improve dietary habits, 
increase PA or reduce 
tobacco use. 
Media and educational campaigns 
Taxation, subsidies and other economic 
incentives                      School and 
workplace approaches 
Built environmental changes 
Direct restrictions and mandates. 
IIa A evidence supports multi-component 
interventions in schools.  IIa B evidence 
supports increased petrol taxes to 
increase AT, improved land use design, 
street design to promote AT to school, 
traffic safety to increase PA. IIb B evidence 
exists for AT to school programs.  IIa C 
evidence exists for national guidelines for 
PA modes and amounts. 
 
 
 
Limited evidence exists for some interventions 
and thus expert consensus was used.   
IIa: weight of evidence in favour of 
usefulness/efficacy, reasonable to perform 
intervention.  IIb usefulness/efficiacy less well 
established, intervention may be considered.  
A: data derived from multiple, well-designed 
studies.  B: data derived from a single study.  C: 
consensus of expert opinion. 
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Ogilvie et 
al. 2007 
(196) 
To systematically 
review the effects of 
population level 
interventions to 
promote walking 
(n=48). 
Any type of intervention that promotes 
walking in populations.  Relevant 
interventions considered include: 
targeted or individual promotion of AT, 
school travel initiatives and 
miscellaneous transport interventions. 
People can be encouraged to walk more 
by tailored interventions targeted at the 
most sedentary or at those motivated to 
change, and delivered at the individual, 
group or household level.  Less evidence 
exists for school or workplace based 
interventions or interventions at the 
community level. 
 
 
Interventions were heterogeneous and so 
meta-analysis not possible.  Much of the 
available evidence is for efficacy, rather than 
effectiveness.   
Petronuff 
et al. 2016 
(189) 
To examine the 
effectiveness of AT 
interventions 
conducted in work 
settings for improving 
PA levels or reducing 
relatively inactive forms 
of transport. 
(n=12) 
 
 
 
12 workplace interventions 83% (10 out of 12) of included studies 
found positive results for increasing AT or 
decreasing driving to work as a result of 
the intervention. 
Although 67% (8 out of 12) of the included 
studies were RCTs, all but five were at high risk 
of bias. 
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Study Study aim Interventions Results Limitations 
Pucher et 
al. 2010 
(199) 
To list and summarise 
possible interventions 
to increase rates of 
cycling and to examine 
the impacts of these 
interventions To 
examine the effect of 
case study cities that 
have adopted multiple 
interventions (n=14). 
Possible interventions listed as: 
19 travel-related infrastructure for 
cycling interventions 
8 end of trip facilities and transit 
integration interventions 
8 programs 
2 legal issues 
2 bicycle access interventions 
 
 
Considerable variation in impacts between 
interventions exists, making generalisation 
of the impact of intervention types or 
cycling interventions as a whole difficult.  
Lack of evidence for infrastructure 
interventions may be as a result of 
assessment of incremental improvements 
(i.e. infrastructure is normally built in 
stages) rather than evaluation of complete 
systems.  A multi-faceted, coordinated 
approach incorporating a suite of 
interventions may prove most effective. 
 
Interventions were heterogeneous and so 
meta-analysis not possible.  Major limitations in 
the evidence include: research design, potential 
bias,  
Reynolds et 
al. 2014 
(344) 
Systematic review to 
assess the effects of 
interventions to 
increase incidental PA 
(n=43, of which 10 
studies aimed to 
increase AT). 
 
 
 
2 workplace interventions 
8 AT to school interventions 
 
AT interventions reported the largest 
increases in incidental PA compared to 
other interventions investigated 
(playground use, use of stairs).  Results 
suggest that interventions that support AT 
may be effective. 
Interventions were heterogeneous and so 
meta-analysis not possible.  Overall quality of 
included studies deemed low, mostly due to: 
moderate to high risk of bias, study design. 
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Study Study aim Interventions Results Limitations 
Scheepers 
et al. 2014 
(100) 
Systematic review to 
examine the 
effectiveness of 
interventions designed 
to encourage a shift 
from motorised to AT. 
(n=19) 
6 workplace interventions 
8 built environment interventions                 
3 education/marketing interventions 
2 bicycle rental interventions 
 
 
16 of 19 studies showed positive effects 
on modal shift to AT.  A combination of 
interventions may be more effective than 
using only one type of intervention. 
 
Interventions were heterogeneous and so 
meta-analysis not possible.  Overall quality of 
included studies deemed low, mostly due to: 
study design, non-reporting of statistical 
significance. 
Shemilt et 
al. (2013) 
Systematic scoping 
review to examine the 
evidence for using 
economic instruments 
to promote dietary and 
PA behaviour change 
(n=880). 
 
Examined a number of dietary and PA 
interventions, of which congestion 
pricing and tax exemptions were most 
relevant 
Much more evidence for diet-related 
outcomes than PA.  Limited evidence 
exists to inform the case for or against the 
use of economic instruments to promote 
physical activity. 
 
Study had a broad scope which may have led to 
studies being missed for inclusion and limited 
an in-depth analysis of each inclusion.  A single 
reviewer completed a large proportion of study 
screening for inclusions. 
Stewart et 
al. 2015 
(345) 
To identify 
interventions that may 
increase cycling (n=12). 
3 workplace interventions 
5 built environment or whole city 
interventions                                           2 
cycle training interventions 
2 cycle support or education 
interventions 
 
There is little robust evidence of effective 
interventions to increase commuter 
cycling at the population level. 
Interventions were heterogeneous.  Studies 
were limited by the quality of the evidence. 
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Study Study aim Interventions Results Limitations 
Yang et al. 
2010 (194) 
Systematic review to 
examine the 
effectiveness of 
interventions to 
promote cycling (n=25). 
6 interventions to promote cycling in 
particular (including AT to school, cycle 
infrastructure, targeted programs, social 
marketing).                                  16 
individualised “environmentally 
friendly” marketing interventions.                
3 interventions to change travel 
behaviour in general (including car share 
intervention, cash subsidy intervention, 
marketing campaign). 
Community wide and individualised 
promotional interventions and 
infrastructure interventions may improve 
rates of cycling by modest amounts.  
Multi-faceted approaches may also prove 
effective. 
Interventions were heterogeneous and so 
meta-analysis not possible.  Overall quality of 
included studies deemed low, mostly due to: 
study design, non-reporting of statistical 
significance, risk of bias and confounding. 
 
 
 
215  
Appendix 2 – Example of scoping paper, AT to school intervention 
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Scoping paper 1: 
Active transport to school interventions 
 
1. Background to topic 
One in four Australian children is classified as overweight or obese [1], and only 18% of 
Australian children aged 5 to 17 years meet the national daily physical activity (PA) guidelines 
[2, 3].  Obesity is associated with a negative effect on child emotional and mental health [4-
6] and overweight or obese children are more likely to develop cardiovascular diseases, 
diabetes and certain types of cancer across their lifetime [7-9].   A recent meta-analysis found 
that obese children and adolescents were around five times more likely to be obese in 
adulthood than those who were not obese [10].  Obesity in children may also negatively affect 
cognitive performance, with an association between PA levels, body composition and 
academic performance in school-aged children [11-14].  Evidence also suggests that obese 
children may have a lower quality of life than children who are not obese [15-19].  
 
Overweight and obesity fundamentally occur when energy intake exceeds energy 
expenditure, resulting in energy imbalance [20-22].  Active transport (AT), defined as walking, 
cycling and use of public transport, has been recognised as a possible avenue for the 
incorporation of more incidental PA into daily life [23-26].  AT to and from school has been 
recognised for its potential to increase PA levels amongst children and youth, with resultant 
physical and mental health, environmental and social benefits [27-33].  Recent studies have 
suggested that walking and especially cycling to school may result in a healthier body 
composition [34-37] and improved cardiorespiratory fitness amongst children and 
adolescents [38-41]. 
 
Studies have shown that rates of walking and cycling to school in Australia are low and have 
been in decline in recent years [42, 43]. A recent international scorecard rated AT to school 
in Australian children as C- [2].  The majority of Australian primary and secondary school 
children do not participate in AT to school on a weekly basis [44].  It has been estimated that 
as few as 35% of 6 to 7 year olds [45] and 20% of 12 to 17 year olds [46] participate in AT to 
school at least once per week.  Changes to urban lifestyles, parental work patterns, family 
compositions, urban environments, transport systems, trip distances, perceptions of safety 
and social norms have all been cited as contributors to the increase in car dependence for 
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travel to and from school [27, 47-51].  The level of parental support towards AT to school, 
perceived child self-efficacy and independent mobility may also affect travel behaviours [52-
56].  Whilst overall rates of AT are currently low in Australia there is significant scope to 
increase modal share of walking and cycling in trips of shorter distances [57, 58]. In the 
Australian state of Victoria for instance, it has been estimated that approximately 74% of 
school children live within five kilometres of their primary school, yet two-thirds of trips to 
school are made by car [59].   
 
Despite the fact that AT to school interventions are in place in Australia and in many countries 
internationally, limited rigorous evaluation has been undertaken into their effectiveness and 
cost-effectiveness [31].  Whilst there is no clear definition of exactly what an AT to school 
intervention entails, they are commonly comprised of programs designed to encourage AT 
through measures such as education and promotion and/or improvements to safety for 
cyclists and pedestrians around the school environment [27]. 
 
Moodie et al. [60] evaluated the Walking School Bus program using the ACE approach in 2009 
and found the program was neither effective nor cost-effective as an obesity prevention 
measure under the modeling assumptions, citing significant under-utilisation as an issue.  
Sensitivity analyses demonstrated that improvements in utilisation may have improved the 
cost-effectiveness of the program.  Attribution of some program costs towards other 
outcomes (including environmental outcomes and reduced congestion) may also have been 
theoretically valid in order to highlight program benefits in terms of obesity. 
 
The TravelSmart Schools curriculum program was also evaluated in 2011 and was found to be 
cost-ineffective under base-run assumptions [61].  Cost-effectiveness was achieved when 
around 55% or more of the total costs were attributed to non-obesity related objectives.  
Cost-effectiveness was also approached when the definition of benefit was broadened to 
include whole-of-school community benefits.  This demonstrates that whilst the program was 
not cost-effective under base-run assumptions ATS interventions may still have some merit 
as obesity prevention measures under differing conditions. 
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Recent analysis of a hypothetical AT to school intervention, based on the Brisbane City Council 
Active School Travel program, found that the cost-benefit ratio for the program ranged from 
2.8:1 to 8.4:1 (dependent on time horizon and discount rate used)[62].   Whilst the analysis 
relied on assumptions of effect and used indicative costs from a pilot study, this demonstrates 
that under certain conditions AT to school interventions may be cost-effective methods of 
increasing incidental PA in children.  This scoping paper therefore investigates AT to school 
interventions as a means of promoting incidental exercise amongst school-aged children, 
leading to improvements in PA, with potential obesity effects.   
 
Cost-benefit analysis of the Healthy Active School Travel (HAST) initiative in Queensland found 
that the intervention was cost-effective under the assumptions made.  Economic evaluation 
was undertaken under ‘steady state’ conditions, so that the costs of development of the 
intervention after the first two years were not included in the evaluation of costs and benefits 
over a 10 year timeframe.  Results suggested a cost-benefit ratio of 1:1.44, with the program 
generating a net present value of AUD2013 3.3 million over ten years [63].  Benefits included 
in the analysis included transport benefits (including travel time savings and vehicle operating 
costs) and relatively crude approximations of mortality and morbidity-related health benefits. 
 
2. Intended policy impact 
Upstream initiatives that encourage walking, cycling and use of public transport may lead to 
public health benefits, including an increase in incidental PA.  Transport interventions that 
increase PA levels may have an impact on BMI levels across the population. 
 
 
Figure 1: Logic pathway between AT to school and obesity effect 
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3. Current policy status 
 a. Australia 
Policies incorporating AT: 
Key Australian strategies and policies with an AT component include:  
Walking, Riding and Access to Public Transport: Supporting Active Travel in Australian 
Communities [64] 
The ministerial statement outlines a coordinated national approach to increasing active 
travel as a mode of transport.  Principles to support walking, riding and access to public 
transport are grouped into four domains to highlight the range of actions that will be 
required to increase active transport rates across Australian communities.  They are: 
1. Planning, to include walking and riding when planning for land use and transport; 
2. Building appropriate infrastructure for walking and cycling needs; 
3. Encouraging greater participation in walking, riding and public transport; 
4. Governing across agencies and levels of government. 
The Australian National Cycling Strategy 2011-2016 [65] 
A commitment between federal and state and territory governments to 6 priorities and 
objectives designed to increase cycling participation:   
1. Cycling promotion; 
2. Infrastructure and facilities; 
3. Integrated planning; 
4. Safety; 
5. Monitoring and evaluation; 
6. Guidance and best practice. 
The goal of the strategy is to double cycling participation between 2011 and 2016.  Uptake 
in cycling as per the strategy guidelines is evaluated through the biennial National Cycling 
Participation Survey.   
 
An Australian vision for active transport [57] 
A partnership between the Australian Local Government Association, Bus Industry 
Confederation, Cycling Promotion Fund, National Heart Foundation of Australia and 
International Association of Public Transport calling for nine action points to better support 
and promote active transport across communities: 
1. Develop an integrated national active transport strategy that embraces policy and planning for the 
major components: walking, cycling and public transport; 
2. Develop clear and realistic targets for active transport and physical activity outcomes; 
3. Provide local government authorities with substantial, sustained and targeted funding for active 
transport; 
4. Support the development and widespread application of Healthy Spaces and Places planning 
principles; 
5. Encourage active domestic tourism by funding major regional projects such as rail trails, cycle routes 
and hiking tracks; 
6. Promote a safe environment for people who choose to walk, cycle or take public transport and 
review jurisdictional approaches to the legislative protection of vulnerable road users; 
7. Fund social marketing programs to promote the many benefits of walking and cycling for people of 
all ages; 
8. Support cycle training and pedestrian education in schools; 
9. Provide incentives for employers to encourage employees to walk, cycle or take public transport to 
work. 
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Moving Australia 2030 [66] 
A partnership between the Australian Local Government Association, Australasian Railway 
Association, Bus Industry Confederation, Cycling Promotion Fund, Heart Foundation, 
Planning Institute of Australia, Tourism and Transport Forum and UITP Asia-Pacific outlining 
the impact of our current transportation system (including health impact) and then 
proposing a transport vision for 2030.  AT is given an important role in this vision, with calls 
for increased governmental support and for the incorporation of health benefit factors in 
cost benefit frameworks for all federally funded transport projects. 
 
 
In 2012-13 Australian state and territory governments invested $112.8 million (or the 
equivalent of $4.88 per head of population) in cycling infrastructure and programs [67].  Local 
governments are also increasingly recognising the value of AT, with local level policies 
promoting walking, and cycling in particular. 
 
Australian AT to school interventions: 
AT to school has been identified as a potential source of incidental PA by the Australian 
federal government [64], suggesting moderately supportive social, environmental and 
regulatory environments within Australia for increasing children’s PA levels through AT [68].  
Whilst the Commonwealth government has recently identified the importance of AT [64], the 
funding of most AT to school interventions falls to state and territory and local governments. 
 
Examples of AT to school programs or initiatives currently implemented in Australia are given 
in Table 1. 
STATE/TERRITORY AT TO SCHOOL INTERVENTIONS 
Victoria Ride2School [69] 
Walk To School [70] 
Western Australia TravelSmart Schools [71] 
Queensland Healthy Active School Travel Program (HAST)[72] 
South Australia Way2Go [73] 
Tasmania Ride2School  
New South Wales Piloting Ride2School 
Northern 
Territory 
Ride2School  
Table 1 – Australian AT to school programs and initiatives 
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An issue has been the relatively large number of separate programs that have been 
implemented, and the impact that this fragmented approach to AT to school may have had 
on the effectiveness of interventions.  Recent focus has been on attempting to adopt a more 
integrated, holistic approach to AT to school interventions [74]. 
 
b. Internationally 
 
Key policies incorporating active transport: 
Key international policies and strategies with an active transport component include: 
The Toronto Charter for Physical Activity: A Global Call to Action [75]. 
Outlines four actions to increase physical activity globally including the introduction of 
policies that support physical activity (urban and rural planning that support active 
transport, fiscal policies, education and advocacy) and reorienting services and funding to 
prioritise physical activity (transportation and planning). 
 
Global Action Plan for the Prevention and Control of Non-communicable Diseases 2013-
2020 [76]. 
Calls for policy measures to promote physical activity through everyday activities, including 
active transport. 
 
AT to school internationally 
Levels of AT to school vary quite dramatically between countries, as evidenced in the recent 
Active Healthy Kids Report Card (Table 2)[77].  The grade for each indicator was based on the 
percentage of children and youth meeting a defined benchmark, where A was 81%-100%, B 
was 61%-80%, C was 41%-60%, D was 21%-40%, F was 0-20% and INC indicated insufficient 
evidence for assessment. 
Country Grade for AT to school Grade for overall physical 
activity levels 
Australia C- D- 
Canada D D- 
England C- D- 
Finland B D 
Ireland D D 
Kenya B C 
Mexico C C 
The Netherlands A D 
New Zealand C B- 
Scotland C F 
South Africa C C 
United States F D- 
 
Table 2 – Active Healthy Kids Report Card 2016 scores for select countries 
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Many European countries with significantly higher rates of AT, such as Finland[78], 
Sweden[79], Switzerland[80], the Netherlands[81] and Germany[82], are considered to have 
policy environments conducive to better supporting more active modes of travel[30].  This 
includes support of AT to school interventions, as well as built environment, transport, 
economic and social initiatives and policies to encourage high rates of walking, cycling and 
use of public transport.  Commuting by walking or cycling in many of these countries is 
considered a cultural norm [83].  In other countries, such as some of the African nations 
represented in the Active Healthy Kids study, walking as a means of transport is a necessity, 
particularly in rural areas [84].  China also historically has a high AT to school participation 
rate [85], although in recent years rapid motorisation has occurred. 
Countries with low rates of AT to school include the United States [86] and Canada [87].  In 
2010 the White House Task Force on Childhood Obesity Report to the President [88] in the 
USA recommended a target of improvement for AT rates to school of an extra 6.5% by 2015.  
As evidenced in Table 2, this target has not been achieved.  A grading of D- for overall PA 
levels for Canadian children from the Active Healthy Kids Report Card has also led to calls for 
greater efforts to increase AT to school [87]. 
 
5. Evidence of efficacy/effectiveness of AT to school interventions 
 a. Overview of evidence 
Evidence is required in the following areas: 
 
I. Exposure 
Prevalence and frequency of AT to school 
A recent systematic review found that significant differences exist in how AT to school 
prevalence and frequency data is collected, with no standard definition or tool currently in 
use, and that the majority of studies rely on self-report measures [89].  Limited studies into 
child travel behaviours have been undertaken using more objective measures, such as GPS 
[32] and accelerometry [90, 91].   
 
Comprehensive national level data on prevalence of AT to school is not currently collected in 
Australia.  Limited state level data is available, however methodologies differ between studies 
and most of these measures are also self-reported.  The 2009 Victorian Child Health and 
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WellBeing Survey [92]  estimated that almost 50% of Victorian children aged 4 to 12 years 
make all of their trips to school by car.  Almost thirty percent of trips made to primary school 
in Victoria on an average school day using 2009-2010 data were made by walking or cycling 
[59], an estimate similar to the 20% of 12 to 17 years olds using AT to school at least once per 
week in a 2010 Cancer Council Victoria study [46].  The 2004 CLAN study [93] reported that 
only about 12% of children actively commuted for each school trip in a typical week in 
Melbourne, with approximately 40% of children actively commuting for between 1-5 trips per 
week and approximately 22% of children actively commuting for between 6-10 trips per week.   
Data from the Victorian Integrated Survey of Travel and Activity (VISTA) also found that travel 
to school by car was higher in the journey from home to school (68.68% of primary school 
children) than the journey from school to home (64.67% of primary school children), with 
more children engaging in AT on the journey home from school (25.7% walking or cycling to 
school, 28.63% walking or cycling home from school)[59]. 
 
Data from New South Wales suggests a similarly low rate of AT to school, with over 60% of 5 
to 9 year olds being driven to school in 1999-2003 compared to around only 20% in 1971 [43].  
Merom et al. [94] found that active commuting prevalence in Sydney, NSW was higher in the 
after school trip than the to school trip, and that almost thirty percent of the study population 
were active commuters (95%CI:26.5-32.9), almost a quarter were active on at least five 
walking/cycling trips and 13% walked or cycled on all 10 trips surveyed.   
 
Duration of AT to school 
Comprehensive data on distance and duration of children’s commute to school is also not 
routinely collected in Australia.  Australian Bureau of Statistics data suggests that 64.5% of 
males and 62.2% of females aged 5 to 17 years had engaged in active transport for an average 
of 18.5 minutes per day in the last week but this estimate is an aggregate of all modes of AT 
to all destinations [3].  Another source of national level data cites the average time spent on 
active transport per day in 9 to 16 year olds at 45 minutes[95], but again this is not broken 
down into trip purpose or transport mode. 
 
VISTA [59] collects data on the time groups of journeys to and from education, with 91.7% of 
journeys to primary school in Victoria by walking or cycling taking less than 25 minutes.  When 
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examining the trends in transport mode amongst NSW school children van der Ploeg et al. 
[43] stated that travel durations had remained relatively stable between 1971 and 2001 and 
accounted for approximately 20 minutes of PA for a return journey, however no further 
information or data was given.  Another Australian study estimated that boys aged 9-16 years 
spent an average of 22 minutes per day on AT, while girls the same age spend approximately 
14 minutes per day[96].   
 
A systematic review by Lee et al. [97] found an average duration of 28 minutes PAthrough 
ATS, however the number of studies reporting outcomes in terms of commute duration were 
small (n=7) and significant variation between studies existed.  A systematic review by Faulkner 
et al. [98] reported on four studies that had demonstrated at least 20 minutes difference in 
daily moderate-to-vigorous physical activity (MVPA) between active and passive school 
commuters.  A review by Bassett et al. [33] found that AT to school contributed approximately 
16 minutes of MVPA per day. 
 
Distance to school 
Whilst distance to school is an important perceived barrier to ATS [47, 49, 99], evidence shows 
that many trips considered suitable for active transport (that is less than 1 kilometre for 
walking and up to 5 kilometres for cycling) are currently being made by car [27, 59, 92].      In 
Victoria it has been estimated that approximately 74% of Victorian school children live within 
5 kilometres of their primary school yet two-thirds of trips to school were made by car [59].   
 
Evidence from European countries with high rates of ATS suggest that almost all (>90%) 
children actively commute when the distance is less than 1km, and a large proportion (75%) 
actively commute when the distance is 3-5km [78].  Whilst increasing distances to school due 
to factors such as urban sprawl and more relaxed school zoning procedures have likely 
attributed to some of the decline in ATS [86] it is clear that scope exists for improved uptake 
in AT to school in those living within suitable distances. 
 
Relative contribution to total energy expenditure of ATS 
It has been estimated that AT to school in the Netherlands represents 30% of total PA-related 
energy expenditure[81].  In Australia, a country with far lower active transport participation 
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rates, it has been estimated that AT accounts for just over 10% of all MVPA-related energy 
expenditure in children aged 9 to 16 years of age [96].  
 
II. Impact 
Evidence of effect from the literature 
Despite the fact that AT to school programs are in existence in several countries around the 
world the evidence on their effect is limited and considered fairly weak, with little rigorous 
evaluation [29, 31, 100].  Whilst many studies have explored the relationship between AT to 
school, PA, health and body composition [28, 101-107] the quality of the evidence of effect is 
limited, largely due to the significant challenges in designing intervention studies in the 
transport and built environment sectors [108, 109].  Challenges include: 
 
• That controlled experiments of transport-related interventions are often not feasible 
due to the nature of the intervention (e.g. large scale, not suited to RCT type 
studies)[110]; 
 
• That the time periods required to observe changes can be long [110] ; 
 
• That these types of interventions may have only a small impact but on large 
populations [110]; 
 
• That the benefits of increased PA will accrue most rapidly when moving from 
sedentarism to moderate levels of PA, however data is rarely available at the required 
level [111, 112].   
 
• That comprehensive data on pace, frequency and intensity of AT mode is also rarely 
available, or when it is available may be subject to bias[113]. 
 
• That relatively limited evidence exists on whether an increase in active modes of 
transport results in activity substitution, with the overall effect of no change in PA (e.g. 
a person who has walked to school then decides not to participate in an organised 
sport)[114]. 
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• That limited evidence also exists on the relationship between energy intake and PA, 
and whether an increase in AT may lead to an increase in energy intake [115].   
 
• That many other factors influence the choice of mode of transport, including age, sex, 
socioeconomic status, the built environment, perceptions of safety and culture [47, 
116-121]. 
 
Several systematic and non-systematic reviews have examined the association between AT 
to school and PA levels, cardiovascular fitness and body weight, using cross-sectional or 
prospective studies from the literature.  Whilst the majority of these reviews have shown a 
positive association between AT to school and PA levels in children, the relationship between 
AT to school and body weight is less clear and causality cannot be established due to relatively 
inconclusive results and study limitations [31, 97, 98, 119, 122-124]. 
 
Rigorous experimental studies into the impact of AT to school initiatives are relatively limited.  
A recent systematic review of the effects of interventions for promoting AT to school found 
that six of the 14 reported studies reported a small impact on AT participation (0.2<cohen’s 
d<0.49)[125]).  Whilst the heterogeneity of the included studies made specific 
recommendations difficult, the authors noted that AT to school may present a small but 
promising opportunity to increase PA levels amongst children.  A main conclusion of the study 
was that more rigorous evaluations, using experimental study designs, should be conducted.  
Other reviews that have considered the impact of AT to school programs and policies 
incorporating randomised controlled trials or controlled studies have also drawn the same 
conclusion of inconclusive evidence of their effectiveness and the need for more rigorous 
studies to be undertaken[126-129]. 
 
With a paucity of rigorous evidence in the literature, debate surrounds whether the intensity, 
duration and volume of PA involved in AT to school is sufficient to result in positive health 
effects for children [113].  It has been suggested however that any increase in PA amongst 
children is beneficial, and that increased rates of AT to school may lead to more AT to other 
destinations [130] and to better PA habits in later life [98, 131-135].  AT to school on its own 
is unlikely to meet the daily recommended PA guidelines for children.  AT to school 
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interventions may therefore need to be one component in a multi-strategy approach to 
increase the energy expenditure of Australian children.  
 
Evidence of impact from Australian AT to school interventions 
An evaluation of the effectiveness of the Ride2School program has been undertaken by a 
team of Deakin University researchers [136, 137].  At the time of the evaluation (mid 2006-
Jan 2008) the Ride2School program operated at two levels, ‘program schools’ or ‘low touch 
schools’.  15 ‘program schools’, coeducational government schools located in disadvantaged 
areas in regional/rural and metropolitan Victoria, participated in the program evaluation 
study.  ‘Low touch schools’, defined as those participating in a scaled back version of 
Ride2School were not included in the evaluation [136].   
 
The Ride2School program was found to have mixed results in terms of impact on rates of ATS 
[137].  A small change in the proportion of active trips was demonstrated in parent-reported 
data (an increase of 1.7%, from 47.9% at baseline to 49.6% at follow-up), but a decline was 
reported in student-reported data (from 51.1% to 48.7%).  Methodological issues were cited 
by the authors, with variability in program delivery between schools, potential participation 
bias by schools that already had comparably high rates of active transport suggesting that 
schools with an existing interest may have been more likely to participate, fairly low student 
and parent response rates and a relatively short time period for evaluation.  The complexity 
surrounding variable program delivery and impact has been previously noted [30]. 
 
More recently, an evaluation has been undertaken of the HAST initiative has been undertaken 
by Deloitte [63].  Over the duration of the program, there was an 11% increase in children 
who actively commuted in participating schools.  Overall, the preference for motor vehicle 
commuting decreased by almost 7%. 
 
III. Impact on industry 
It is expected that the impact on industry of a modal shift to AT to school would be minimal.    
Studies suggest that most school children already own a bicycle [138, 139] and therefore the 
impact on the bicycle industry would be fairly limited.  It is expected that there would be no 
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impact on the motor vehicle industry, as people would still require cars to travel to other 
destinations.  A positive productivity impact may be experienced if AT to school interventions 
lead to less congestion around schools during school hours (particularly at drop off and pick 
up times)[140, 141]. 
 
b. Potential to use evidence as the basis for an intervention 
 
Table 3 - Evidence of exposure, AT to school 
Variable Source Results for use in modelling 
Proportion of children using 
active transport to travel to 
school in a usual 5 day period. 
Victorian Child Health and WellBeing 
Survey 2006  
26.2% of trips to school by Victorian 
primary school children by active 
transport. 
(22.7% walking, 3.5% cycling) 
Mode of transport for journey 
to/from primary school on an 
average school day, 
metropolitan Melbourne 
Victorian Integrated Survey of Travel 
and Activity (VISTA) 2009 
27.18% of trips to school by walking or 
cycling. 
66.66% by car 
5.8% by public transport 
0.36% by other  
Proportion of Victorian 
children living within 5 
kilometres of primary school 
Victorian Integrated Survey of Travel 
and Activity (VISTA) 2009 
73.74% 
(25.65% within 0-0.9km, 22.53% within 
1-1.9kms, 10.56% within 2-2.9kms, 
9.16% within 3-3.9kms, 5.84% within 4-
4.9kms) 
Proportion of 5-17yr olds who 
had participated in AT (all 
forms, all destinations) in the 
last week 
ABS Australian Health Survey 2011-12: 
Physical Activity, Table 18.3. 
By sex: 
Males- 64.5%  Females – 62.2% 
 
By age: 
5 – 8 years: 54% 
9-11 years: 62.2% 
12-14 years: 69.3% 
15-17 years: 70.6% 
 
Also available by index of relative socio-
economic disadvantage. 
Average time spent on AT (all 
forms, all destinations), 
children 5-17 years, minutes 
per day. 
ABS Australian Health Survey 2011-12: 
Physical Activity, Table 19.1. 
By sex: 
Males – 19 mins, Females – 18 mins 
 
By age: 
5 – 8 years: 13 mins 
9-11 years: 18 mins 
12-14 years: 20 mins 
15-17 years: 24 mins 
 
Also available by index of relative socio-
economic disadvantage. 
Average time spent on AT (all 
forms, all destinations), 
children 9-16 years, minutes 
per day. 
2007 Australian Children/s Nutrition and 
Physical Activity Survey 
All- 45 mins  
Proportion of total AT time 
(all destinations) spent on 
journey to/from school 
From Booth et al 2006[142], as cited in 
Garrard 2009[30]. 
50% 
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Time group (mins) of journey 
to primary school by 
walking/bicycle in Victoria 
Victorian Integrated Survey of Travel 
and Activity (VISTA) 2009 
0-4 mins – 10.01% 
5-9 mins – 28.7% 
10-14 mins – 26.47% 
15-19 mins – 16% 
20-24 mins – 10.55% 
 
Table 4 – Evidence of effect from implemented programs 
Variable Source Results for use in modeling 
Proportion of trips 
previously made by car 
now made by active 
forms of transport at 
follow-up. 
Garrard J, Crawford S, 
editors. Evaluation of the 
Victorian Ride2School 
program: impacts and 
insights into promoting 
active travel to school. 
Australasian Transport 
Research Forum (ATRF), 
33rd, 2010, Canberra, 
ACT, Australia; 2010. 
Parent-reported data: 1.7% modal shift 
Baseline 47.9% made by walk/cycle/scoot, follow-up 49.6% 
made by walk/cycle/scoot 
 
Change in attitude of 
parents towards cycling 
to school 
Garrard J, Crawford S, 
editors. Evaluation of the 
Victorian Ride2School 
program: impacts and 
insights into promoting 
active travel to school. 
Australasian Transport 
Research Forum (ATRF), 
33rd, 2010, Canberra, 
ACT, Australia; 2010. 
5.9% 
Baseline 55.9% of parents considered cycling to school a 
possibility, follow-up 61.8% of parents. 
Increase in children 
who actively 
commuted to school 
Deloitte, Evaluation of 
Healthy Active School 
Travel (HAST) initative, 
Summative Report. 
Deloitte; 2015. 
11.2% 
 
 
Table 5 - Evidence of obesity or PA impact from published systematic reviews or key Australian 
studies 
Source  Aim Significance 
Chillon et al. [125] To systematically review 
intervention studies 
related to AT to school 
(n=14). 
Six of the 14 included AT to school studies reported a small 
impact on active transportation participation (0.2<cohen’s 
d<0.49)(190)).  Two reported a large effect 0.8<cohen’s 
d<1.3) and one reported a very large effect (cohen’s d 
>1.3). 
Faulkner et al. [98] To systematically review 
evidence of association 
between AT to school and 
body weight and PA. 
(n=13) 
Ten included studies examined body weight, with only one 
reporting a significant association.  Nine included studies 
reported expected associations between PA and AT to 
school. 
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LaRouche et al. 2014 
[143] 
To systematically review 
associations between AT 
to school and PA, body 
composition and 
cardiovascular fitness.  
(n=68) 
Thirty-nine studies were identified reporting associations 
between AT to school and body composition.  Inconclusive 
evidence exists for associations between AT to school and 
body composition, with only 14 studies observing that 
active travelers had more favourable body composition 
than passive travellers.  Forty-nine studies examined 
associations between AT to school and PA, with over 80% of 
these reporting significant associations.    
Lee et al. 2008 [97] To systematically review 
associations between AT 
to school and PA, weight 
and obesity.  (n=32) 
Only three of 18 studies examining weight found consistent 
results in the expected direction. 
Lubans et al. [124] To systematically review 
the relationship between 
AT to school and health-
related fitness. 
23 studies identified, ATS associated with more beneficial 
weight status or lower body fat in 11 of these studies (48%). 
Reynolds et al. 2014 
(342) 
Systematic review to 
assess the effects of 
interventions to increase 
IPA (n=43, of which 8 
studies aimed to increase 
AT to school). 
AT interventions reported the largest increases in incidental 
PA compared to other interventions investigated 
(playground use, use of stairs).  Results suggest that 
interventions that support AT may be effective. 
 
• Investigate acceptability of modelled effects. 
 
 
6. Feasibility of intervention implementation in Australian context 
AT to school interventions are feasible to implement in the Australian context. 
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7. Economic evaluations of ATS programs incorporating physical activity impacts that exist in the literature  
Study Met
hod 
Intervention Health valued as Result/s 
Moodie M, Haby M, Galvin L, Swinburn B, 
Carter R. Cost-effectiveness of active 
transport for primary school children - 
Walking School Bus program. The 
international journal of behavioral nutrition 
and physical activity 2009;6:63 
 
CEA Walking School Bus program. Cost savings through diseases averted - Ischaemic 
heart disease, ischaemic stroke, hypertensive heart 
disease, type 2 diabetes, osteoarthritis, endometrial 
cancer, colon cancer, post-menopausal breast cancer 
and kidney cancer (relative risks from change in 
physical activity). Validated method used to convert 
change in energy balance to change in weight.  BMI 
calculated using mean height, converted to DALYs 
and cost offsets over lifetime. 
Not effective or cost-effective as an 
obesity prevention measure.  
Incremental saving of 30 DALYs and 
nett cost per DALY saved of 
AUD$0.76M ($0.23M:3.32M)  (Aust 
threshold AUD50,000 per DALY). 
 
 
Moodie M, Haby MM, Swinburn B, Carter R. 
Assessing cost-effectiveness in obesity: 
active transport program for primary school 
children--TravelSMART Schools Curriculum 
program. Journal of physical activity & 
health 2011;8(4):503-15  
 
CEA TravelSmart schools program. Cost savings through diseases averted - Ischaemic 
heart disease, ischaemic stroke, hypertensive heart 
disease, type 2 diabetes, osteoarthritis, endometrial 
cancer, colon cancer, post-menopausal breast cancer 
and kidney cancer (relative risks from change in 
physical activity). Validated method used to convert 
change in energy balance to change in weight.  BMI 
calculated using mean height, converted to DALYs 
and cost offsets over lifetime. 
Intervention cost-ineffective under 
base-run assumptions, incremental 
saving of  95 DALYS (95%UI-40:230) 
and net cost per DALY saved 
AUD$117,000 (95%UI 
dominated;$1.06M). 
 
Fishman, E., et al. (2011). Cost and Health 
Benefit of Active Transport in Queensland. 
Queensland, Prepared by CATALYST for 
Health Promotion Queensland. 
CBA Hypothetical ATS intervention.  Limited information is 
given on the intervention except that some data was 
taken from a pilot program of the Brisbane City Active 
School Travel program.   Economic evaluation forms 
part of a broader document, looking at the costs and 
potential health benefits of active transport in general. 
Health values taken from the New Zealand Transport 
Agency (NZTA)[144] and adjusted for the Queensland 
population, morbidity and mortality attributable to 
physical inactivity and health sector costs per 
inactive adult.   
Results indicate that investment in 
ATS is justifiable using public funds.  
Cost-benefit ratios ranged from 
2.8:1 to 8.4:1, dependent on time 
horizon and discount rate chosen. 
Deloitte, Evaluation of Healthy Active School 
Travel (HAST) initative, Summative Report. 
Deloitte; 2015. 
CBA Healthy Active School Travel (HAST) Program QLD Mortality and morbidity attributable to physical 
inactivity, per kilometre health benefits adapted 
from the approach by Genter at al. [144] 
Cost-benefit ratio 1:1.44 under 
main assumptions. 
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8. Stakeholders 
 I. Policy makers/regulators 
• Health departments of the relevant jurisdictions 
• Transport departments of the relevant jurisdictions 
• Education departments of the relevant jurisdictions 
• Local governments 
• Australian Bicycle Council, Austroads 
 II. Industry 
• None identified at this stage 
 III.  Advocates 
• Public health organisations advocating for AT (for example, the Heart 
Foundation) 
• Cycling organisations 
 IV. Academics 
• Dr A Carver, Deakin 
• Dr J Garrard, Deakin 
• C-PAN, Deakin 
• Professor Chris Rissel, University of Sydney 
 
9. Issues specific to this intervention 
 a. Modelling 
Evidence of the effectiveness of the intervention is considered weak. 
 
 b. Other issues (e.g. equity) 
Cycling and walking are low cost modes of transport, and therefore investment in active forms 
of transport may particularly benefit the young and the economically disadvantaged [100].  
Encouraging AT as a means of increasing PA amongst low socioeconomic groups may be a 
more equitable and inclusive form of PA promotion, as these groups may be less likely to 
engage in sport and exercise programs and more likely to participate in active forms of 
transportation [30, 45].  Schools have been identified as ideal environments for population-
based PA interventions as they are inclusive of all socioeconomic groups[145]. 
 
A recent Australian study found that AT in children aged 9 to 16 years accounted for a higher 
proportion of all MVPA-related energy expenditure for those in the lowest income band in 
comparison to those in the highest income band (14% vs 10% across all income groups)[96].  
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Possible explanations for higher rates of AT to school in lower socioeconomic groups include 
that these households may own less cars, although the differences in car ownership across 
socio-economic positions are decreasing with time [146].  Children from lower socioeconomic 
position may also be more likely to attend their nearest school (rather than a selective or 
private school which may be located a greater distance from their place of residence). 
 
10. Intervention’s potential to meet intervention selection criteria 
 a. Potential impact of addressing the problem of obesity 
Although evidence for the potential impact of the intervention is relatively weak, AT to school 
may play an important role in improving rates of incidental exercise in Australian children. 
 
 b. Relevance to current policy decision-making 
Several interventions are currently funded by Australian Governments.  Therefore the 
results of economic evaluation should be relevant to current policy decision-making. 
 
 c. Availability of evidence of efficacy/effectiveness to support the analyses 
(using a broad definition of evidence) 
Evidence from a process evaluation undertaken by Deakin researchers could be used, but 
suffers from some methodological limitations.  
 
 
 
FOR DISCUSSION AT CRE MEETING
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